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A 259-Ft. Concrete Arch Bridge in 
Switzerland. 

A brief note in our issue of Dec. 3, 1908, re- 
ported that a new holder of the title of largest 
concrete arch in the world had just arisen, in the 
Sitter highway bridge, Canton Appenzell, Switzer- 
land. Descriptions of this interesting structure, 
one by Prof. E. Mérsch, its designer, published in 
the “Schweizerische Bauzeitung’ Feb. 13 to 
March 6, 1909, and another by Mr. E. Froté, in 
the “Génie Civil” of March 138, 1909, enable us to 
give the chief details of design and erection. 
Until the 280-ft. arch at Cleveland, O., and the 
281-ft. arch at Spokane, 
Wash., are completed the 


the soffit being made 1:54%. The outer line of 
the arch departs from this plane, since normal 
sections of the ring were made rectangular. 
The structure is of the open-spandrel type, i. e., 
the roadway is a slab which rests on columns 
footing on the arch ring. 

The arch curve was chosen to fit the dead-load 
pressure line; it had to be found by cut-and-try 
procedure, of course, but Prof. MOrsch’s article 
gives the impression that the curve first assumed 
required correction only once, the result then 
checking perfectly. He does not give the or- 
dinates of the final curve, but one may infer 
that it does not depart much from a catenary. 


ments only, whereas the analytical calculation 
includes the effect of the_shortening caused by 
the axial compression. The result of the latter 
is to increase the upper and decrease the lower 
fiber compressions over the central half of the 
span, while in the end quarters it has the re- 


verse effect, increasing the compression in the 


lower fiber and decreasing the compression In 
the upper fiber. 

The greatest stress shown by the table is 444 
Ibs. per sq. in., a very moderate compression for 
first-class concrete such as must be used in a 
structure of this kind. There are no tensile 
stresses under any conditions theoretically; 

therefore the steel rein 





Sitter bridge will be the 
largest concrete arch. 
The bridge carries the 
highway between the vil- 
lages of Stein and Teufen, 
near the latter, over the 
gorge of the upper Sitter 
River. An iron bridge was 
buflt here in 1856, but in 
late years this had gotten 
into very bad condition. 
In the course of planning 
to replace it, a better site 
was found several hundred 
feet downstream, and the 
new bridge was projected 
to suit this location, with 
a roadway level about 50 
ft. higher than that of the 
old bridge, reducing the 
gradjents and length of 
the approach road. Com- 
parative designs and esti- 
mates for a steel bridge 
and a reinforced-concrete 
arch showed the latter to 
cost so little more 
than the other that 
the authorities decided 
for the concrete  struc- 


‘ini GENERAL VIEW OF SITTER ARCH BRIDGE, NEARLY COMPLETED. —— 


The valley at the site of the bridge is sharply 
V-shaped in cross-section. The roadway eleva- 
tion selected is 216 ft. above the brook. Placing 
the abutments about halfway up the side slopes 
gave an arch of 259:1 ft: (79 m.) clear span and 
86.9 ft. (26.5 m.) soffit risé. For the end por- 
tions of the bridge, groups of smaller arches 
Spanning 33.6 ft. (10.25 m.) in the clear were 
adopted. The outline elevation Fig 2 exhibits 
all the general features of the structure as de- 
Signed and built, except as to width, for which 
See the cross-section in Fig. 3. The deck is un- 
usually narrew, being only 22% ft. between rail- 
ings, including two 24-in. footwalks. 

CENTRAL SPAN.—An arch so narrow ob- 
Vious!y demanded a solid, i. e., undivided, arch- 
ring. Even so it was thought proper to increase 
the stability by battering the faces of the ring. 
The width of ring is 21.4 ft. (65 m.) at the 
crown and 24.6 ft. (7.5 m.) at the skewbacks, the 
! bafter of the plane of the end curves of 


Vertic 











As regards the action of live-load, the arch was 
assumed to be a fully elastic hingeless arch. 
The ring was made 49 ins. (1.20 m.) thick at 
the crown and 84 ins. (2.13 m.) thick at the skew- 
backs. 

The following loads, etc., were the basis of the 
figuring: 

Uniform live-load, 92 lbs. per sq. ft. 

Concentrated live-load, 22-ton road-roller. 

Temperature variation, + 36° F 

The center-to-center dimensions used in the 
computations were: span 79.64 m., rise 25.5 m. 

The computed outer-fiber stresses at various 
sections are given in the little table below. It 
will be noted that the dead-load stresses are not 
the same in upper and lower fiber, although it is 
said above that the curve of the neutral line 
was adjusted to the dead-load pressure line. 
The discrepancy results from the fact that the 
pressure line (and hence the curve of the neutral 
line) was laid out as usual on the basis of mo- 


forcement which was put 
into the ring has no spe 
cific duty but serves only 
as extra security. 

The reinforcement is 
shown quite fully in Fig 
The flange rods are all 1% 
in. rounds In the bottom 
flange they vary from 16 
at the springing-line to 18 
at the crown, in the top 
flange from 18 at springing 
to 10 at crown, distributed 
over the width of the ring. 
Joints are lapped 59 ins. 
Transverse distributing 
rods are placed in both 
upper and lower flanges on 
a uniform spacing of 20 
ins. throughout the length 
of the arch; they are - 
in. rounds except under 
the columns, where 5 rods 
in the bottom flange and 4 
rods in the top flange are 
increased to 11/16-in. di 
ameter. Radial stirrup 
looping of 5/16-in. 
rod ties the main 
rods together half- 
between the dis- 

tributing rods. 

The reinforcement of the columns is simple 
rod and tie work, without hooping. The columns 
have a rather low stress, and their only feature 
of interest is that the columns of the tallest bent 
are | Sauna slender, being about 53 ft. high 


LOAD AND TEMPERATURE STRESSES IN 250-FT. 
ARCH SPAN. 
Stresses in Lbs. Per Sq. In. 


Section Dead- Temper- 
Load, Live-Locd ature, --Total-— 
Com- Com- Either 
press. press. Tens. Stress. Max. * Min. 
At Crown: 
Top Fiber +250°+112 —51 +82 +444 +117 


Bottom Fiber +197 + 68 —91 +88 +353 + 18 
31.3 Ft. from Crown. 


Top Fiber +240 +129 —95 +57 +426 + 88 

Bottom Fiber +202 +115 —111 +65 +382 + 26 
75.6 Ft. from Crown. 

Top Fiber + + 709 —75 +20 +206 +111 

ath. Fiber +219 +102 —G1 +17 +338 +141 

05.2 Ft. from Crown. 

Top Fiber +192 + 55 —47 +68 4315 + 77 

Bottom Fiber +233 + 65 —41 +65 +363 +127 
At Skewhback: 

Top Fiber +181 +140 —87 +88 +409 + 6 

Bottom Fiber +234 +102 —126 +85 +421 + 23 
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and only 20 ins. square, a length-ratio of about 
100. This bent has transverse strut bracing but 
no longitudinal bracing. 

The floor consists of a flat reinforced plate 
spanning about 74 ins. between stringers. The 
stringers connect directly to the columns, and 
the members which occupy the place of floor- 
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The top of the floorslab is covered with sheet 
asphalt as a waterproofing, which drains to a 
longitudinal perforated steel drainage channel 
on the center line by virtue of the transverse 
slope of the iop of the slab. The concrete base 
course of the pavement rests directly on the 
waterproofing. The roadway rises from either 


(fatts) : (rises) 









ee 


ie 50" 400° 130" 


sirrerruss 6 / 
AA 3 


FIG. 2. DOWNSTREAM ELEVATION OF REINFORCED-CONCRETE HIGHWAY BRIDGE OVER THE 
SITTER, NEAR TEUFEN, CANTON APPENZELL, SWITZERLAND. 


beams serve only as bracing. The plate is thin- 
nest along the center line of the bridge, because 
its top surface is sloped down toward a longi- 
tudinal drain in the middle. Its thickness here 
is 8 ins., against 10 ins. at the edges. The rein- 
forcement of plate and stringers follows familiar 
types and needs no special notice. 

A noteworthy detail of the main span is the 
means provided to allow for expansion of the 
floor. Where the roadway plate joins the piers 
over the arch abutments, a connection of the 
elastic-membrane type is used instead of the 
common sliding support. The elastic-membrane 
here is represented by a 10-in. reinforced-con- 
crete wall 40 ft. high (Fig. 3), whose ‘base is in- 
tegral with the pier while its top is integral 
with the floor-slab and stringers. An open space 
of 5 ins. separates this wall from the body of 
the pier; this width was needed to get a form 
in, rather than for expansion, as the maximum 
movement will be less than %-in. either side of 
the normal position. The wall is slender enough 
to stand a deflection of about 1l-in. without over- 
stressing. 

SIDE SPANS.—The six subsidiary arches, clear 
span 33.6 ft., were treated like the main arch in 
respect to determination of shape, i. e., they were 
adjusted to the pressure line for dead-load. But 
instead of having open spandrels and therefore 
definite amount and direction of loading, they 
carry a solid fill. The fill was made of lean 
(1:16) concrete, in place of the more customary 
earth fill, so that there may be great doubt as to 
whether and how the arch rings will carry any 
large share of the roadway load. This fill con- 
crete is divided by construction joints in con- 
tinuation of the pier faces (see Fig. 4). The 
part over the pier was placed first, then its sides 
painted with a tar compound, and then the span- 
drei filling placed against these surfaces. 

These arches have a soffit rise of 15.2 ft., a 
crown thickness of 14 ins., and top and bottom 
reinforcement of 9/16-in. rods 8 ins. apart, with 
5/16-in. transverse rods 10 ins. apart, tied to- 
gether by 5/16-in. stirrups 16 ins. apart. At 
the piers the reinforcement is doubled, to en- 
sure fixity of the ends of the arch. As the 
thrust of the small arch next the main spans is 
an unbalanced thrust high up on the pier, the 
pier is reinforced on its landward side by 30 
l-in. vertical tension rods, extending about 40 
ft. above the base of the pier. 

ABUTMENTS.—The abutments of the ap- 
proaches (Fig. 4) are of hollow (cellular) type, 
to eliminate earth thrust, similar to those of the 
Piney Branch bridge in Washington, D. C., de- 
scribed in Engineering News of Nov. 16, 1905, 
pp. 510-512. 

ROADWAY DETAILS.—The roadway pave- 
ment is a crowned Telford, as the cross-section 
in Fig. 3 shows. This rests on a bed of concrete 
made without sand so as to be porous and per- 
mit the percolating water to pass to the drain. 


end of the main span toward the center on a 
%% grade, which gives the drain a slope for dis- 
charging into spouts at the ends of the span. 
On the approach spans the fill concrete is simi- 
larly covered with waterproofing, but this is 
pitched downward toward the center of each 
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span, where a downspout passes thro @ rin 
concrete. ee 

The sidewalks are composed of Kail 
molded slabs, resting on the floorskab me: : 
over the edge of the waterproofing, —— 
of such thickness as to give the desir. ae 
for the footwalk surface, and in their pte 
is molded in a re-entrant angle to for, ‘ pe 
ter, whose curb edge is strengthened . rn 
bedded angle-iron. —_ 

The balustrade, molded in place, j. = 
mendably simple design. It is rein Aso 
shown in Fig. 5. A wide pilaster o pea 
each line of roadway columns, and the 
balustrade is cut by an expansion-{: ade 
by painting the edges of the pilaster h tar 
before molding the adjacent panels ag. it. 

Construction. 

The piers and abutments have good rock foyn. 
dations near the surface, and the ce: ng of 
the. main arch also footed on rock. 

CENTERING.—The centering for + large 
span was designed as simple trestle-ben: fram. 


ing. It is spread considerably by batter braces, 
as it had to have sufficient stability +) stang 
through the winter without load, co: reting 


being started in spring of 1908. A horizontal 
division near the springing-line separaics the 
upper part or centering frame proper from the 


lower part which is in effect a simple trestle. 
Sandboxes are set in this division plane, for low- 
ering the upper frame after the arch was keyed 
up. The view Fig. 7, showing the completed 
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G t Hie centering, and the elevation Fig. 8 of the upper 
WD; 4 u portion, will suffice to explain the general ar- 
UY H HH rangement. 
His: oO ange: 
Yy H -. The upper frame, during the concreting oper- 
Z : A \> ations, is exposed to inward thrust from the 
Yj ' g Gif\/<, haunch sections of the arch ring, because of the 
ZY H 3 | f method of supporting the successive sections of 
Yj : CNG concrete by strutting across the open key spaces 
Gy 4 eM (Fig. 11). While the thrusts on one side balance 
UY H Kk. Jy 4 those on the other side, so long as the concrete 
YY ; Aix sy is carried up symmetrically, it was thought bet- 
WY) 4 aN a ‘Yy ter to transfer them back into the abutments by 
Y SAN fH means of anchor ties, thus eliminating compres- 
YY y, >: sions in the horizontal members of the frame. 
UY, ve Narn: The attachment of these ties is shown generally 
Gy a SOON ge in Fig. 8, and more in detail in Figs. 9 and 10. 
WY Py dip) i Aa The latter illustrations also show the style and 
Uj Te ¥ © Ves proportions of the sand-boxes. The boxes them- 
Yy ee % a te ¢ of selves, 144 in number, are of steel, the plugs of 
Y HE" FOX VO wood. The joint was sealed with asphali, but at 
WY : pe ae € “oe & the time of striking centers it was found that 
Wy «4 Lng ? ee this had not succeeded in keeping the sand dry. 
ind ee a> é ge To reduce the cross-grain crushing at joints of 
iit a we < the centering, hardwood and channel-iron corbel 
Uy liye of blocks were used extensively, of such propor 
iy Ui 5 Myf v ~easive 
Vig Me Uj tions as to keep the cross-grain comress 
d yyy -- stresses down to about 250 Ibs. per sq. |». This 
by Kye i precaution, together with excellent work: :anship 
ZY Uy ce ea Pee in erecting the timber-work, is credited « !th the 


FIG. 3. DETAILS OF MAIN SPAN OF SITTER 
BRIDGE, 


surprising smallness of the settleme” juring 
the placing of the concréte, namely 1% ir. Even 
of this settlement some %-in. fs ch:-sed 1 
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ust 5, 1909. 
sht ge of the sills in drying out after the 
m veather of early spring. 

c  \CRETING.—The arch-ring was section- 
ali is indicated in Fig. 8, the several sections 
be! conereted in the order as there numbered. 
Tt nall key sections 9 to 17 were filled last; 
th iin sections 1 to 8 gave practically the 
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maximum load to the centering, uniformly dis- 
tributed, so that the distorting tendency dur- 
ing keying would be minimized, and therefore the 
formation of cracks forestalled. The key sec- 
tions, moreover, are located directly over the 
posts, and over the joints of the rim segments, 
so that the added weight of the key segments 
would have minimum distorting effect. The plan 
is reported to have worked very successfully; 
no cracks were found in the surfaces of the ring 
after completion. 

The key spaces were spanned by timber strut- 
ting to support the concrete sections above. As 
the struts had to be removed, however, before 
the keys could be concreted, small concrete 
struts (Fig. 11) were poured as soon as the main 
sections were finished. These were of half the 
ring depth, and of one-fifth the ring width, so 
that two struts in each space gave a section one- 
fifth that of the ring. When they had set up 
(after 4 weeks), the timber struts were removed 
and then the space keyed up complete with con- 
crete. 

The concrete of arch-ring, columns, floor-slab 
and other reinforced work was of 1:2:4 mixture. 
Foundation concrete was of 1:4:8, and piers of 
1:3%:7. The fill over the small arches was 1:16, 
with a 10-in. face layer of 1:12 mixture. Test 
cubes of the 1:2:4 mixture gave crushing 
strengths as follows: at 28 days, 4,350 Ibs. per 
sq. in.; at 3 months, 5,600 Ibs. per sq. in.; at 6 
months, 6,350 Ibs. per sq. in. These cubes were 
presumably rammed in the molds by the ham- 


























g. 5. Reinforcement of Concrete Balustrade. 


mer machine, as is customary in European ce- 
Ment testing. 

1 he reinforcing metal was coated with neat ce- 
Mont mortar before concrete was poured. 

Tie baek of the arch was coated with water- 
bro ‘ng, to shed rain-water. 


Sand and gravel were obtained in the creek 
bed near the bridge site, and were brought by a 
Narrow-gage track and a cableway to a screen- 
ing, crushing and mixing plant at one end of the 
bridge. The concrete was carried by a longi- 


tudinal cableway, running directly over the 


bridge, to‘any desired point of the structure. The 
only disadvantage of this arrangement was that 
the capacity of the concrete cableway was Incon- 
veniently low. 

STRIKING CENTERS.—At the time the cen- 
ters were lowered, the structure was complete ex- 
cept for the macadam. In striking the center of 
the main span the procedure was as follows: Tak- 
ing first the two middle rows of sand-boxes (six 
boxes each), a man being stationed at each box, 
the plugs were removed, about a half-pint of 
sand allowed to run out (or picked out), the plugs 
replaced, and the boxes then rapped with a stick 
of wood, this rapping producing the settlement; 
then the force proceeded similarly with the next 
row of boxes, and thus advancing step by step 
to the abutments the whole center was lowered 
uniformly. This first operation was figured for 
a settlement of about 1/12-in. Then the same 
operation was repeated in the identical order, and 
so on until the centering was free. 

The final deflection at the crown was about 
3/16-in. (6 mm.) at the crown, and zero at the 











Fig. 6. View Along Roadway. 


skewbacks. According to the calculations, this 
would correspond to a modulus of elasticity of 
3,700,000 lbs. per sq. in. in the concrete. 

The centers of the small arches were simple 
trussed arch frames resting on corbels set in the 
piers at the skewbacks. These centers com- 
pressed about %4-in. during the concreting, and 
when centers were struck the deflection at crown 
was about 3/32-in. 

TIME AND COST.—This structure was begun 
in March, 1907. Foundations and centers were 
completed by December. 


Tests on the Resistance to Web Stresses 
of Reinforced-Concrete Beams. 


The latest record of the reinforced-concrete 
beam tests at the University of Illinois has just 
been published as Bulletin No. 29 of the Univer- 
sity of Illinois Engineering Experiment Station 
under the title of “‘Tests of Reinforced-Concrete 
Beams: Resistance to Web Stresses. Series of 
1907 and 1908. By Arthur N. Talbot.” The 
pamphlet is so lengthy (85 pp.) and so full of 
tables and diagrams that space will not permit a 
complete abstract here, but we give below a re- 
sumé of the general design of the tests and of 
the more important deductions. 


Scope of Bulletin. 


Tests of reinforced-concrete beams made in various 
laboratories have provided a considerable fund of infor- 
mation bearing on the pert played by the tensile re- 
sistance of the longitudinal reinforcement and the com- 
pressive resistance of the concrete. The data on resist- 
ance to web stresses are less definite and less com- 
plete. In beams having a depth relatively large in com- 
parison with their length, the resistance to web stresses 
becomes very important, and diagonal tension and bond 
stresses may contro] the strength of the beam. It was 
with a view of obtaining further information on web 
stresses and on the part taken by concrete, bent rein- 
forcement, and stirrups in resisting web stresses that 
these series of tests were undertcken. 

The tests were carried on during the years 1908-7 and 
1907-8. Tests were made on (1) beams without web re- 
inforcement, (2) beams with reinforcing bars bent up 
in various ways along the outer thirds of their length, 
and (3) beams with vertical U-shaped stirrups. Four 
span lengths were used. Various amounts of longt- 
tudinal reinforcement from 1% to 2.2% were used. Tests 
were made with concrete at different ages with a view 
of determining the effect of early removal of forms. 
Six mixtures of concrete were used, ranging from very 
lean to very rich. Compression tests of cubes and cross- 
bending tests of small concrete beams, called here contro! 
beams, were mede with a view of determining whether 
a relation between the strength of the reinforced-con- 
crete beams and the control pieces might be found which 
would be useful ae a control test in building construc- 
tion. In 1907, 117 beams were made and 71 beams in 
1908. Of these 106 were without web reinforcement, 
27 had the reinforcing bars bent up in one form or 
another, and 55 had stirrups for the web reinforcement 
It was found impossible to carry out the tests exactly as 
planned, and the data of the tests do not furnish a basis 
for as definite conclusions as had been hoped. However, 
the tests throw light on the phenomena of web re- 
sistance and the results have a bearing on the princi- 
ples of design. 

The preliminary part of the bulletin is devoted 
to a theoretical study of the stresses in a rein- 
forced-concrete beam, particularly to the web 
stresses. It is shown that in cases where the 
lower tension reinforcing is bent up at the ends 
of the beam, the distribution of web stresses Is 





Concreting of the main 
arch was done between 
March 26 and May 16, 
1908. Centers were 
struck Aug. 1, 1908, and 
the bridge was put into 
service three months 
later. 

The total cost of the 
bridge was $80,000, of 
which the main span 
cost $18,000 and its cen- 
tering $22,000. The total 
yardage of concrete 
was about 9,000, and the 
reinforcing steel amount- 
ed to 90 tons. The 
timber in the centering 
is given as 1,500 cu. m., 
which would figure out 
as 580 M. ft. B. M., 
and some 50 tons of 
bolts and other steel- 
work were required for 
connectiona, 

The work was done by Froté, Westermann & 
Co. of Ziirich as general contractor. R. Coray 
was subcontractor for the centering. Mr. A. 
Sutter was Resident Engineer for the cantonal 
government, with Prof. Mérsch in general charge. 








FIG. 7. VIEW OF CENTERING OF MAIN SPAN. 


very uncertain, varying with the position of the 
rods, so that in the bulletin the values for shear- 
ing and bond stresses are calculated according to 
the simple formulas where the rods are in the 
bottom plane alone and the values so found are 
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termed “nominal” and are only for the purposes 
of comparison. Where vertical stirrups are used 
it ‘Is assumed that all the shear is taken by the 
stirrups, though analysis of special cases shows 
this not to be exactly true. 

In all the tests, the beams were 8 x 11 ins. in 
cross-section and varied in length from 6 to 12 








ratio and the flexural strength of the control beam may 
be used as a measure of the quality of the concrete to 
resist web stresses. This ratio may vary with different 
proportional dimensions of beams and with different 
amounts of cement, but if the ratios be determined for 


, the various conditions, this method should be helpful as 


an aid to securing substantial construction. In the ta- 
ble given in the bulletin the average of this ratio of 






















































































FIG. 8. SKETCH ELEVATION OF UPPER CENTERING FRAME OF MAIN ARCH, SHOWING 
ALSO SEQUENCE OF CONCRETING OF THE RING, SITTER ARCH. 


{t. They were made out of standard materials 
by experienced concrete makers and stored in the 
laboratory for varying intervals. They were 
tested in a 200,000-lb. machine by loading at the 
third points. 


Beams without Web Reinforcement. 

Generally speaking the beams were arranged 
te give @iagonal tension failure. On account of 
the simplicity of the reinforcement, the vertical 
shear and bond are easily computed and for this 
series of beams these two values are given as 
indicative of the amount of diagonal tension. 
These beams were planned to give information 
along the following lines: 

EFFECT OF THE AMOUNT OF CEMENT.—It is evi- 
dent from these tests that the rddition of cement gives 
a considerable gain in resistance to diagonal tension and 





Fig. 9. Upper End of Anchor Ties and Distribut- 
ing Beams. 

(The adjoining section of the tiebeam of the upper 

frame is made of two channels, as a tension member to 


transmit the reaction of the next set of batter posts to 
the anchors.) 


that a rich concrete should be used in the web of re- 
inforeced-concrete beams which are subjected to any con- 
siderable amount of diagonal tension, especially if there 
is no metallic web reinforcement or the web reinforce- 
ment is not effective. fe 

EFFECT OF AGE.—The results show considerable va- 
rigtion, as is to be expected. A rapid increase in web 
resistance with age may be noted at the earlier ages, 
end a slower change for the older beams. The lean 
concretes attain their strength slowly. 

RELATION TO STRENGTH OF AUXILIARY TEST 
PIECES.—In building construction some auxiliary test 
may be used with advantage to check up the quality 
of the concrete placed in beams in which diagonal ten- 
sion is the critical stress. The writer has suggested the 
form of flexure test piece here called the ‘‘control beam” 
for this purpose. The modulus of rupture determined 
from the test of the plain concrete control beam is 
representative of the tensile strength of the concrete 
and may be used as its measure, although it does not 
give the actual tensile strength of the concrete. The 
resistance of the beam to diagonal tens! is dependent 
upon the tensile strength of the concrete. If the ratio 
which may be expected between the vertical shearing 
strength of the reinforced-concrete beam and the modu- 
lus of rupture of the control beam be established, this 





vertical shearing stress in the main beam to the modulus 
of rupture in the ‘‘control’’ berm is about 0.50. 

EFFECT OF AMOUNT OF REINFORCEMENT.—A 
diagram (not shown here) gives values of vertical shear- 
ing stress developed with the several percentages of 
reinforcement used. These beams were all of 6 ft. span 
and 1:2:4 concrete and were tested at about 60 deys’ 
age end all failed by diagonal tension. It is evident 
that the shearing stress developed in these tests is 
greater for beams with the larger reinforcement, It is 
possible tat this change is due to the greater deforma- 
tion (or greater curvature in the elastic curve) of the 
beams having light reinforcement. Possibly the fact 
thet at the same load tension cracks will be present in 
the concrete, at points nearer the supports in the beam 
with the lighter reinforcement on account of the higher 
tensile stresses developed in the reinforcing steel, has a 
bearing upon the difference in web resistance. That the 
bond stresses developed are not the occasion of the varia- 
tion may be judged from the fact that the beems rein- 
forced with deformed bars carried no higher lovds than 
those with plain round rods. 

EFFECT OF RATIO OF LENGTH OF SPAN TO 
DEPTH OF BEAM.—From curves of a limited number of 
berms, it seems that web resistance decreases with the 
increase of this ratio. * 


Beams with Reinforcing Bars Bent Up. 


These consisted of (a) bars bent up to a point 
2% ins. below the top of the beam at the end; 
(b) bars bent up to 5 ins. below the top; (c) bars 
bent up to 2% ins. below the top and with wash- 
ers attached to the end of the bars; (d) bars 
bent up to 5 ins. below the top and with nuts 
and washers attached; and (e) part of the bars 
bent and part straight. 


PHENOMENA OF TESTS.—In the beams without nuts 
and washers as soon as the concrete at the bottom was 
sufficiently stretched, a vertical tension crack formed at 
some point between the beam support and the bend of 
the bar, extending from the bottom of the beam to the 
level of the reinforcing bars. After the formation of this 
vertical crack, the tension in this part of the beam is 
taken mainly by the reinforcing bar; and as its depth be- 
low the top of the beam (and therefore the moment arm 
of the resisting forces) is considerably less than in beams 
having the bars horizontal throughout, the tensile stress 
developed in the bar at this section is greeter than in 
beams having the reinforcement horizontal throughout. 
The vertical shearing unit-stress actually developed is 
also greater than in beams having the bars horizontal, 
end the resulting diagonal tensile stress is therefore 
greater. As the tensile stress in the steel at this sec- 
tion is greater than when the bars are horizontal, the 
amount of bond brought into action toward the end of 
the bar must be greatly increased. There is evidently, 
then a greater chance for slip of bar in such beams 
than in beams where straight reinforcement is used. The 
formation of the vertical cracks gives a good starting 
point for diagonal tension cracks, and the uneven dis- 
tribution of stresses in the concrete due to this crack 
mekes diagonal tension failures occur at a lower load 
than would otherwise be the case. Generally, in these 
tests, in the beams which did not fail by tension in the 
steel, the failure came through diagonal tension. The 
inclined crack which opened up along the line of the 
bent-up bars, as the concrete below gradually split off, 
may be seid to be the occasion of final failure, though 
the failure was essentially by diagonal tension. Whether 


slip occurred after this crack extended along :! 
nearly to their ends is a matter of some interes: 
It seems to make little or no difference jn 
either as to the load carried or as to the ma: 
failure, whether the bars were bent up to a poin: 
to the top of the beam or to a point 5 ins. below + 


WEB RESISTANCE WITH ANCH: 
BARS.—Although designed for failure by 
onal tension in the concrete, all of these | 
failed by tension in the steel, with differen: 
nomena than those observed in the straig! 
beams. In the anchored beams it seems 
considerable arch action must have devs 
The report says: 


It seems evident from these tests that anchor 
bars at the ends, in beams with bars bent up, 
curely arranged, mzy be advantageous in inc: 
web resistance. It is true, also, that this form o: 
struction is an insurance against failure at low 
through defective concrete or insufficient bond. 

WEB RESISTANCE WITH PART OF BARS 
UP.—With part of the bars bent up and part 
straight higher resistance to diagonal tension 
veloped than in beams with all bars horizontal or | 
with all bars bent up. It is evident also that to 
best results in providing against diagonal t 
stresses, the diagonal brrs should be well distri! 
through the part of the beam where high web 
ance is needed. This may be accomplished, when 
are several bars, by bending the bars in two or 


lines parallel to each other, as is common practice \ 
the ordinery reinforcement. It may be expected, th: 











Fig. 10. Sand Boxes and Anchor Ties of Center- 


ing Under Haunches of Arch. 


that good results may be obtained by bending up part o 
the bars if proper care is taken to get a good distributi: 


of the diagonals. 
Beams with Vertical Stirrups. 


f 


On account of certain limitations in the experi- 
ments the results of the tests on stirruped beams 


are not as satisfactory as on the others. 


The 


report includes a number of “tentative” deduc- 


tions from the tests, 
which are hardly more 
than ideas suggested 
by the results and are 
not given out as con- 
clusive. One thing 
seems certain from 
the tests, however, 
and that is that ver- 
tical stirrups do not 
take much stress un- 
til after the forma- 


tion of diagonal Vertical Section Vertical Sectio: 


cracks. There is very A-B. C-D. 


little elongation in the Fig. 11. Timber anc 


stirrups until the first 
diagonal crack forms, 
so that up to that 
point the _ concrete 
takes practically all the diagonal tension. 


Arch Ring. 


report further states that “a feature of the test 


of beams with stirrups is slow failure.” 


General Comments on Web Resistance. 
The bulletin concludes with the following com 


ments: 
Failures by diagonal tension in beams without 


reinforcement are especially objectionable, sifce. 


Concrete Strutting 
“ Between Sections o 


wot 
. 





in the case of tension tests of concrete, the failure ™*) 


occur without warning. Besides, although the effec 
repeating the application of the load after a diagc 
crack hes formed has not been established, final faiiur 
undoubtedly will occur after mahy “plications at 2 ' 


much lower than that which wotld cause failure on 
application. 
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vust 5, 1909. : 
In ams without web reinforcement, web resistance 
dep upon the quelity and strength of the concrete. 
Cer makes a simple and effective strengthening 


The effect of quality and strength of concrete is 
yer. oarked. Even where web reinforcement is used, 
ef concrete is an important element. 

stiffer the beam the larger the vertical shearing 
st! which may be developed. Short, deep beams give 
hie results then long, slender ones, and beams with a 


bic) percentage of reinforcement than beams with a 
sm. amount of metal. This difference may be due to 
the ~elation of diagonal tension to shearing stress, to the 
gif, sence im opportunity for formation of vertical ten- 
sio. cracks, or to such a cause as a difference in amount 


of cistortion of section. 

ynere is a considerable increase of web strength at 
the earlier ages, but not much additional web strength 
may be counted on under laboratory conditions after 60 


days. Care should be exercised thet ample time is given 
for beams to acquire sufficient web strength before loads 
are applied. 


rhe loads carried by beams with all bars bent up or 
inclined in the outer thirds of their length did not differ 
much from those with the bars all straight, but the 
failure is slower aad warning is given. The formation 
of a vertical crack and the splitting of the concrete 
along the inclined part of the bar are characteristic of 
the failures, 

Reams with inclined bars firmly anchored at their 
ends gave high web resistance and showed indications of 
arch action. This form of construction seems to give 
insurance against failure at low loads through defective 
concrete or insufficient bond. 

The arrangement of bending up part of the bars and 
leaving part straight developed a good web strength and 
secured slow failures. This method will be particularly 
satisfactory when the number of bars is large enough to 
permit the spacing of the inclined bars at frequent in- 
tervals through the part of the beam where high web 
resistence is meeded. A proper distribution of the 
diagonals is important. 

Beams provided with U-shaped stirrups which passed 
under straight reinforcing bars generally gave high web 
resistance, and slow failures were characteristic of the 
tests. The importance of quality of concrete is also ap- 
parent in these tests. Adequate bond resistance is es- 
sential. The amount of web resistance which may be 
developed even with carefully arranged stirrups is 
limited, the limit depending upon the quality of the 
concrete, 

Stirrups do not come into action, at least not to any 
great extent, until a diagonal crack has formed. After 
such a crack has formed, the stirrups will take stress 
from the beginning on a second application of the load. 

The tests and calculations go to show that under the 
maximum loads applied to the beams the stirrups are not 
stressed to an amount necessary to take the entire ver- 
tical shear. The use of a fractional part of the total 
vertical sheer like two-thirds for application in the 
formulas seems to be warranted. 

Considerable variation in results in beams of the same 
make-up was found. This is to be expected in web re- 
sistance. An even greater variation is probable under 
conditions of practice. 

Low working stresses in web resistance are to be com- 
mended and ample provision for web strength should be 
made, 
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A Scraper-Excavator for Trench Work. 


The use of power-operated scrapers or scraper- 
buckets in the excavation of trenches for sewer 
and other work is one of the latest applications 
of the scraper-bucket type of excavator, the use 
of which for ordinary excavation has been dealt 
with in our issues of Oct. 29, 1908, and March 
21, 1907. 

With the system described below, the trench- 
ing is done in lengths of about 75 ft. to 100 ft. 
At the forward end of the length is stationed 
a portable tipple or dumping frame, the plat- 
form of which is at such a height above the 
street as io allow wagons to be driven under it. 
One end of the tipple carries an adjustable in- 
cline extending down the head of the trench. 
The other end has an A-frame with two cable 
sheaves, In front of the tipple is a double-drum 
hoisting engine. The bucket has a pivoted bail. 
It is 8 ft. wide, of about 25 cu. ft. capacity, and 

eighs 400 Ibs. 

\ \%-in. hauling cable is attached to the bail 
of the seraper bucket, and is led over a sheave 

the A-frame to one of the drums of the 
engine. The second drum carries a %-in. back- 
haul cable which is led over the upper sheave 
ot the A-frame and back to the rear end of 
the seetion being excavated; there it passes 


through a sheave or snatchblock hitched to a 
cross brace at about mid-height of the trench 
and returns to the back end of the bucket, to 
which its end is attached. This cable is useJ 
to pull the empty scraper back into position for 
a fresh cut. This is done without interference 
with the trench bracing, the cable heing lei 
over or under the cross braces as occasion may 
require. The general arrangement of the plant 
is shown in the accompanying cut. 

When the bucket is at the back end of the sec- 
tion and ready to start, a signal is given from 


ot 
Hauling AY AV 
Cable my ~ 








SCRAPER-BUCKET EXCAVATOR 





ft.; the width of cut is 3 ft. The greatest depth 
of cut was 40 ft., although work can be done 
to a greater depth if required. The material 
excavated has included clay, gravel, sand and 


soapstone. One of these machines was used 
last year by John Funke & Co., contractors, of 
Cincinnati, in the excavation of trenches 22 ft. 


wide and 9 ft. deep at the new Woodward High 
School. This was in good firm ground, which 


required no bracing. About 100 cu. yds. in 10 
hours were excavated and loaded into 2-yd. 
wagons. Another machine was used by John B. 
Washburn, contractor, of Cincinnati, for a 


sewer trench 7 ft. wide, with an average depth 
of 12 ft The machines have been used also 





(The Heffron Trenching Co., Cincinnati, O., Makers.) 


the trench to a man on the tipple platfurm, who 
signals the engineman. As the bucket is 
started by the hauling cable, two men hold its 
nose or cutting edge to the ground to ensure its 
making a cut and taking a proper load. When 
full, the weight is at the back of the bucket. 
The bucket is hauled along the bottom of the 
trench and up the incline to the tipple, where it 
strikes a trip block and is tilted up (as the haul- 
ing continues) so as to dump its contents 
through a chute into a car or wagon standing 
beneath. 

Where the ground is hard, a plow is used; 
this is attached to the same cables and takes 
the place of the bucket. The plow cuts about 
18 ins. deep. It is of special form, with no 
handles, as the handles of an ordinary plow 
would be liable to catch in the bracing when the 
plow is being hauled back ready for a new cut. 
Its weight is from 400 to 700 lbs., according to 
size. 

The force required consists of the following: 
1 engineman, 1 fireman or boy, 2 men in the 
trench, 1 man on the tipple to give signals and 
supervise the loading of the wagons. With this 
force the machine has plowed and excavated 130 
cu. yds. in a 10-hour day. If sheeting or brac- 
ing is required, there may be from 2 to 4 men 
in the trench to trim the sides and set up the 
braces, which must be placed, of course, so as 
not to foul the cable. It is stated that the coal 
consumption will be about 1,000 Ibs. per 10- 
hour day for a 16-HP. double-cylinder double- 
drum engine. The tipple and incline are built 
upon a frame which carries the engine also; so 
that it is a complete and self-contained structure 
which can be hauled forward as the work pro- 
gresses (75 to 100 ft. at a time), and hauled 
from place to place as required. It is said 
that it can be moved 1060 ft. in about 20 to 
30 mins. by a team of horses. When the ma- 
chine is at work, the wheels are blocked and the 
bed is supported on blocking, as shown. 

This scraper-excavator can. be used for 
trenches under railways or street railway tracks, 
without interfering with the operation of cars. 
At Wabash Ave. and 85th St., Chicago (near 
the Wabash Ry. shops), the machine was used 
for 250 ft. of trench for a 48-in. brick sewer, 
passing under a number of tracks. The ma- 
terial was loaded into dump cars and deposited 
in the swampy ground of the neighborhood. The 
material may be used directly for backfilling 
or may be hauled to any dumping place. A nar- 
row gage track may be laid through the tipple 
and along one side of the trench to the point of 
backfilling. The empty car then crosses over 
and returns along the other side of the trench 
to the tipple. 

The machines have been used on sewer and 
street contracts in Cincinnati, Chicago, Phila- 
delphia and Havana (Cuba). The - greatest 
length excavated on any one contract was 7,333 


for grading and general excavation work. 
Tren ce 
Siciceian ench Brace 
Sheave 
Cable 
EON aa 
FOR TRENCH EXCAVATION. 
The machine is patented, and the tipples, 
scrapers and plows are manufactured by the 
Heffron Trenching Co., 810 Neave Building, 


Cincinnati, Ohio. 
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A SOLAR TRANSIT of very compact form has re- 
cently been put on the market by Keuffel & Esser Co., 
of New York. The distinguishing feature of the instru- 
ment is that the horizontal axis of the solar telescope is 
coincident with the horizontal axis of the main telescope, 
although each telescope may be rotated in altitude inde- 
pendent of the other. This is done by a sleeve upon the 
main axis, to which sleeve is attached a rigid latitude are 
frame holding the solar telescope. Thus the clumsy su- 
perposed solar telescope of the ordinary instrument is 
avoided, there is no need for a counterweight and the two 
glasses are placed in the proper relation one to the 
other. Other improvements are a knurled sleeve on the 
outer end of the solar telescope by means of which it 
may be easily revolved to the proper hour angle, a 
striding bubble fitting either tube, a 360° vertical circle 
and a large angle declination are. 


> 





ELECTRIC SMELTING OF IRON ORE.—The Blectric 
Iron Co., of Trollhattan, Sweden, has recently been 
organized in Stockholm for electric smelting of iron ore 
for producing pig-iron on a commercial scale. The new 
plant is to be erected at Trollhdttan, where the Govern- 
ment owns a large hydro-electric power station, from 
which electric energy is sold at cheap rates to sur- 
rounding cities end industrial consumers. The falls 
yield about 75,000 HP., but will, in the future after 
regulation of Lake Venern, give 150,000 HP. Electric 
power will be bought from the Government at the rate 
of $7.46 per HP. year for the first 10 years and at $10 
per HP. year for the following 10 years. A preliminary 
eontract for renting up to 10,000 HP. har been drawn up. 

The first installation is to consist of three ore-reduc- 
tion furnaces of 2,500 HP. each. Of these, one furnace 
is to be in reserve. The yearly production is calculated 
at 15,000 metric tons of pig iron, or 7,500 tons for each 
furnace. The pig iron produced is intended to be used 
for foundry purposes only and to contain 0.4 to 1.0% 
of phospborus. Phosphorus-carrying ore from the 
Grangesberg mining district will be used. For the re- 
duction of the ore, German coke from the Westphalia 
district will be used, costing at Trollhattan $5.60, which 
is considerably cheaper than the Swedish charcoal ordi- 
narily employed in Swedish blast furnaces. The pig 
iron is calculated to be produced at $13.65 per ton. 

The cost of the new plant is estimated as follows: 
Three smelting furmaces.................cce00- $40,000 
Ladies, ladle-cars and various appliances...... 4,000 
Crushing plant (35,000 tons of ore and 7,000 tons 

CI Ss 566k Bic 0 nick CURSE L cc ccevcds 
Transformer and motors for crushing plant, for 

transportation, lighting, etc.................. 1,600 
Conveying machinery for conveying between har- 


bor and crushing plant and to top of furnece.. 4,000 
Machinery for conveying pig iron and slag, and 


MEE bale E60 Cais a kusé od tb ce davcbsecrviscdes 8,200 
Buildings for furmaces and coke storage..:...... 16,000 
.  «© 2. _ eter ip ap page 1,100 
Excavation, grading, fencing and harbor work.. 4,000 
ORION OME TROON so. vc k kncece ok sccceveoes o-e. 5,500 
Superintendence and incidentals........... ecece 9,100 
Roya Foc ks cece SOs E so dsweaet bei vechecsive 6,700 

Daan hcieileh Aeek Babi aban ied badeanaeas $97,000 


~Mr. H. Hullegird, Busby, Sweden, in “‘Electrochemi- 
cal and Metallurgical Industry” issue of July, 1908. 
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The Government Dam Across the Rock 
River at Sterling, Ill. 
By FRED W. HONENS,* M. Am. Soc. C. BE. 

The dam across the Rock River, between 
Sterling and Rock Falls, IIL, was built by the 
federal government to supply water for the 
Illinois & Mississippi Canal. Incidentally, the 
Sterling Hydraulic Co. was given certain privi- 
leges for development of water power in lIfeu of 
damages claimed to its water power at a dam %- 
mile below the site of the government dam. 


and the dam of the Sterling Hydraulic Co. is 
about 10 ft. 

The maximum discharge of the river at Sterl- 
ing is about 40,000 sec.-ft. The average dis- 
charge computed from 18 observations made in 
September and October, 1904, was 3,800 sec.-ft., 
the lowest being 1,860 sec.-ft. and the highest 
5,442 sec.-ft. During a period of about two 
years the discharge at Milan, Ill, near the 
mouth of Rock River, was not less than 1,000 
sec.-ft. more than three times, and then for very 
short periods. The river at Sterling is not sub- 














The feeder of the canal leaves the Rock River 
a short distance above the south end of the 
dam, and follows a course almost due south for 
20.3 miles, where it makes a junction with the 
main line in the 28th mile. There is a fall 
of 1 ft. in the bottom grade from the headworks 
to the junction, and provision has been made 
for a water slope of 2.3 ft. There is but one 
lock, a guard lock at the Rock River. The main 
line of the canal crosses the divide between the 
Illinois and Mississippi rivers. It ascends 196 
ft. from the Illinois River by means of 21 locks 
in a distance of about 18 miles, and descends 93 
ft. to the Mississippi River by means of 11 locks 
in about 46 miles. The summit level is 11 miles 
long, making the total length of the main line 
75 miles. However, the last 13 miles of the west- 
ern section may be considered a separate canal, 
which does not draw its water supply from the 
pool above the Sterling dam. There would, 
therefore, be a total of 91.3 miles of canal (with 
30 locks and nine aqueducts) obtaining water 
from the Rock River at Sterling. 

The normal depth of the canal is 7 ft.; 
width at bottom, 52 ft.; width at water surface, 
80 ft. The sides have slopes of 1 on 2. It was 
estimated that for seepage, evaporation, lock- 
ages, waste, etc., in the canal, from 180 to 300 
cu. ft. of water per sec. would be required. 

The Rock River has its source in the eastern 
part of Wisconsin, below Lake Winnebago and 
Green Bay. It has tributary to it a large num- 
ber of lakes, the largest being Lake Koshkonong, 
with an area of 23 sq. miles; this is really an 
expansion of the river. The river enters the 
Mississippi three miles below Rock Island, after 
traversing a southeasterly course of about 286 
miles. The total drainage area is approximately 
11,000 sq. miles, of which 8,900 sq. miles are 
abave the Sterling @am. The greatest width of 
the drainage area is about 65 miles, and the 
length of the river above the Sterling dam ts 
about 218 miles. The Rock River valley con- 
sists principally of rolling prairie land, rich and 
well cultivated, with moderate slopes. 

The annual rainfall for 23 years from 1885 to 
1907 (Wisconsin Survey Bulletin No. 20) varied 
from 20.6 ins. to 36.4 ins., with a mean of 30.8 
ins. The total fall of the river is about 340 ft., 
or an average fall of about 1.2 ft. per mile. The 
steepest slope is between the mouths of the Cat- 
fish and Pecatonica rivers, which is 1.9 ft. per 
mile. The average slope from Oregon to Sterl- 
ing is 1.3 ft. per mile, while at the rapids at 
Sterling the fall between the government dam 


*Junior U. 8. Engineer, U. S. Engineer Office, Sterling, 
Til. mg ia Engineer in charge of the construction of 
the dam.) 





FIG. 1. PLAN OF THE GOVERNMENT 


AT STERLING, ILL. 


ject to sudden rises of any magnitude. It does 
not carry any great amount of drift, though it 
occasionally has a heavy run of ice. During 
the winter of 1906 a gorge was formed about 25 
miles below Sterling, which filled the river with 
ice to a point an equal distance above the city, 
causing the highest water ever known in the 
vicinity. At the dam site the water stood slightly 
above El. 210 (Hennepin datum).* 

The dam is located at the head of the rapids, 
where the river is a little more than 14-mile 
wide. The banks are about 25 ft. high, and are 
of limestone, overlaid with clay. The river bot- 
tom is of solid limestone, practically level, and 
there is about 2 ft. of water at low stages. 

The crest of the dam of the Sterling Hydraulic 
Co. is at El. 199.3, and the normal pool level 
above the government dam is 208.3. Above the 
site of the dam there are wide areas of bottom 
land, which have been overflowed. All lands 
below the contour of El. 211 were described, 
and overflow damages amounting to $79,483 were 
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DAM IN THE ROCK RIVER 





widest place, and at El. 2083 (the norma’ 
level) its area is about 97,000,000 sq. ft. 
The decree of the U. S. District Court a Re 
ing the flowage damages was based on a 
hibit stating that the dam should have 
168 lin. ft. of sluiceways and 1,040 lin. 
movable dam, with sills 4 ft. below the n 
level of the pool. A number of plans were 
posed for this dam, among others a plan 
movable dam of the overhead-bridge type. 
1 is an outline sketch of the dam as finally .- 
structed. It has a total length of 1,335 rt 4 
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is divided into three parts: (1) the crib dam. 
588 ft.; (2) the sluiceways at the south end, oc- 
cupying 573 ft.; (3) the power station at the 
north end, 174 ft. 


Sluiceways. 


At the south end of the dam there are 19 
sluiceways 21 ft. wide, closed with cylindrical 
steel gates; and one sluiceway 35 ft. wide, 
closed with a needle dam. The latter opening, 
with its masonry, is in reality the upper end of 
@ lock authorized by Congress, for which the 
appropriation for construction has not yet been 
made. 


MASONRY.—The foundation for the masonry 
is a soft limestone, the surface of which lies 
between Els. 197 and 198. The coping is at 
El. 214. There are 17 intermediate piers, which 
are 34 ft. long, 6 ft. wide, and about 17 ft. 
high. Each contains approximately 121 cu. yds. 
of concrete. The up-stream end is pointed to 
form a cutwater. Recesses were made in the 





FIG. 2. THE GOVERNMENT DAM IN THE ROCK RIVER AT STERLING, ILL. 


(The overflow portion is a rock-filled crib dam, en at a power-house on the opposite shore. 
remainder of the dam consists of a series of vertically revolving gates in sluiceways. The .wooden bride: 


the right spans a 35-ft. opening for a future lock.) 


paid for 1,436 acres of land. It was necessary 
for the Chicago & Northwestern Ry. to raise 
about a mile of its track east of Sterling, for 
which it was paid $24,300. The basin or reser- 
voir formed by the dam extends about eight 
miles up-stream. It is about a mile wide at its 


~ *Hennepin ‘datum is 428.075 ft. above mean sea level, 
and all elevations mentioned in this article refer to it. 





concrete at the down-stream ends of the | &rs 
to receive the ends of*the horizontal trussed 
beams which form the hinged supports of ‘he 
sluice gates. Each pier is reinforced with “our 
old 30-Ib. steel rails set vertically, exten ng 
from the foundation to within 6 ins. of the ‘0p, 
and placed at the corners & the two recesses 
of each pier. Two rails 80 ft. long were p':ced 
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horiz y about 2 ft. below the top of the 
mason Recesses were also made at the up- 
strea! is of the piers, in which 15-in. I-beams 
can b : to form the upper support of a needle 
dam t ciose the openings in case of accident to 
the € 


nes 


the sluice gates and the needle dam respectively) 
are anchored to the concrete by six 1%-in. anchor 
bolts, 6 ft. long, extending into the solid rock. 
Fig. 2 shows the completed work of the sluice- 
ways and the crib dam. The wooden bridge at 
the right spans the 35-ft. opening for the lock. 















prism of the canal were used in the concrete. 
The gravel consisted of about 50% clean, sharp 
and fairly coarse sand and 50% pebbles. The 
Portland cement used in the construction of the 
3,600 cu. yds. of masonry in the south sluice- 
ways amounted to 4,010 bbls. of Atlas and Mar- 
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THE FORMS FOR THE PIERS OF THE SLUICEWAY SECTION 


OF THE STERLING DAM. 


The outside or river pier (between the crib 
dam and sluiceways) is 54 ft. long, 8 ft. wide, 
and about 17 ft. high; it contains 263 cu. yds. 
of concrete. The abutment is 31 ft. long and 3 
ft. 6 ins. wide at the coping, with a total length 
of 77 ft., including steps and retaining wall. It 
ts built against the solid rock of the south bank 
and contains 174 cu. yds. of concrete. The lock 
(not yet built) is to be 35 ft. wide, 170 ft. be- 
tween hollow quoins, and about 225 ft. long. 
The top of the lower miter sill is to be at El. 
198. The upper end has been constructed. The 
breast wall is 13 ft. wide, and serves for the 
foundation of the needle dam which at present 
closes this opening. 


FIG. 4. CAR FOR HANDLING CONCRETE AT THE STERLING DAM. 


At the far end of the dam may be seen the 
concrete foundations for the power-house. 

CONCRETE CONSTRUCTION.—AIll of the 
construction work was performed by hired labor. 
The work on the cofferdam was started July 21, 
1906, and the last of it was removed about the 
middle of December, 1906. 

A box cofferdam was constructed, allowing the 
river bottom to be laid bare. It enclosed a space 
extending 600 ft. into the river, about 100 ft. 
wide at the outer end and 250 ft. wide along the 
river bank. The width between sheeting was 
6 ft. and the height about the same. It was 
filled with a natural mixture of gravel, sand and 
clay taken from the spoil banks of the canal. 








FIG. 5. ARRANGEMENT FOR HANDLING CONCRETE CARS. 





_ (The track at the left comes from the mixing plant; the loaded car (A) is run upon a turn-table (B), and 
diverted to the lateral track (D) leading to the pier under construction. The empty car (C) has been 


‘ran. ferred to a stub track to clear the loaded car.) 


The sluice gates (when closed) rest on oak 
sills between the piers, supported on low con- 
crete foundations 13 ft. wide. A trench was ex- 
cavate’ in the rock, from 2 ft. to 4 ft. deep, 
and a long sill constructed in sections, extending 
entirely across the space occupied by the south 
sluicewys, The piers were constructed upon 
this. “he oak sills, 12 ins. and 10 ins. high (for 


The filling was loaded into wagons through a 
trap by slip scrapers, and hauled to the coffer- 
dam, where it was unloaded by hand with 
shovels. The water was about hub deep while 
the cofferdam was being built. Quarry refuse 
was cast against the inside. The cofferdam was 
quickly built and proved to be remarkably tight. 

Natural gravel and screened pebbles from the 


quette cement, or an average of 1.14 bbls. of 
cement per cu. yd. The cement was received 
at the railway siding about a mile away, hauled 
to the dam site over a narrow-gage railway 
(built for the construction of the canal), and 
stored in sheds. A cement house was built over 
the cement track, about 50 ft. from the mixer, 
the track extending to the platform of the mixer. 
Ordinarily a flat car filled with about 200 sacks 
of cement was kept at the mixer platform. In 
case of rain and at night, the car was pushed 
into the cement house, where several hundred 
sacks of cement were usually kept as a reserve. 

MIXING AND HOISTING PLANTS.—About 
65% of the concrete was mixed with a Smith 
mixer mounted on a truck with engine and ver- 
tical boiler. The remaining part was mixed by 
hand. The mixer was elevated on a crib about 
2% ft. high, so that the concrete could be dumped 
directly into a car. The materials were dumped 
into the mixer through an extension chute from 
a bottom-dump car on a track overhead. Dt- 
rectly over this track and a short distance back 
from the mixer, were the cement chute and a 
pair of hoppers for the materials (one for gravel 
and the other for pebbles) each having a ca- 
pacity of about 7 cu. yds. The bottoms of the 
hoppers were high enough to allow the materia} 
car to pass under them to be charged, and their 
tops were low enough to allow the materials to 
be dumped into them from 3-yd. side dump 
cars. 

It was thought desirable to have a concrete 
elevator that could be moved intact from pier 
to pier. This elevator (Fig. 3) was constructed 
of 6 x 8-in. timbers and securely bolted to the 
frame of an old pile-driver, taking the place of 
the leads, which were removed. Timbers were 
laid on the river bottom and maple rollers used 
for moving ahead. After each move, the ele- 
vator and frame were firmly blocked. The eleya- 
tor was operated by the pile-driver engine, which 
also furnished the power for moving ahead. 
About two hours were consumed in making the 
change from one pier to the next. 

Bottom dump cars (Fig. 4) having a capacity 
of about 20 cu. ft. were used in carrying the 
concrete from the mixer to the forms. A track 
for the concrete cars was laid from the mixer to 
the site of the outer plier. This track 
was parallel to and about 20 or. 25 ft. 
above the up-stream ends of the masonry. 
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A short spur track was laid at right 
angles to this track, leading to the elevator. 
The concrete cars were transferred from the 
mixer track to the elevator track by means of 
a small turntable placed at the intersection. A 
short stub track was laid in the angle between 
these two tracks; on this the empty car was 
placed, to pass the car of concrete. A short 
turnout was built close to the mixer, so that 
three concrete cars could be used at one time. 
Fig. 5 shows these tracks, with the mixing 
plant in the background. A loaded concrete car 














Fig. 6. One of the Forms for the Sluiceway Piers. 


(A) is on the track from the mixer, ready to be 
pushed on to the turntable (B); an empty car 
(C) is on the short passing track, and a third 
car is at the mixer. Track (D) leads to the ele- 
vator. The concrete consisted of 1 part cement, 
4 parts gravel, and 4 parts pebbles. For the 
forms, 6 x 8-in. posts, 2 x 12-in. lagging, and 
%-in. tie rods were used. The posts were tied 
together at the top with 6 x 8-in. timbers, to 
which the track for concrete cars was fastened. 
Fig. 6 shows the forms. 

Owing to a scarcity of laborers, the rock ex- 
cavation was not completed so that concrete 
work could be started until Sept. 14, 1906. It 
became evident that strenuous efforts would 
have to be made if the concrete work was to be 
completed during the season of 1906, which the 
possibility of spring floods and ice made almost 
imperative. Accordingly, the conditions were de- 
clared to constitute an emergency, and the work 
was carried on for 10 hours per day, the wages 
were increased from $1.75 to $2 for an eight- 
hour day, making the wages $2.50 for ten hours 
for unskilled labor. 

A total of 3,600 cu. yds. of concrete was mixed 
and deposited, 2,351 cu. yds. being machine 
mixed and 1,249 cu. yds. hand mixed. The hand 
mixing crew (consisting of an overseer with 19 
laborers and 4 teams) mixed and deposited about 
35 cu. yds of concrete in 8 hours. The mixing 
plant required an overseer, 2 enginemen, 1 fire- 
man, 1 team and 28 laborers. Each of the in- 
termediate piers contains 121 cu. yds. of con- 
crete and it required from 12 to 14 hours to fill 
a form with concrete, including the time re- 
quired to move and get ready for depositing at 
the next form. 

NEEDLE DAM.—The needle dam closing the 
lock opening is of the Poiree type. It has three 
steel trestles 9 ft. apart, as shown in Fig. 7. 
Each revolves about a horizontal axis at the 
base, and the trestles lower behind an oak sill 
when the sluiceway is open. The trestles are 
built of 4-in. channels; they are 10 ft. high, 6 
ft. ‘8 ins. wide at the base, and weigh 700 Ibs. 
each. When in use, they are held in a vertical 
position by pine planks 8 x 12 ins. pinned to the 
top. These serve also for a foot bridge. The 


needles are white pine timbers 6 x 8 ins., 12 ft. 
long; they are supported at the top by a 6-in. 
I-beam carried on brackets at the top of the 
trestles. The outside end of the I-beam rests 
against an oak timber anchored in a recess in 
the masonry. At the bottom the needles rest 
against the oak sill. 

SLUICE GATES.—The sluice gates (Fig. 8) are 
constructed entirely of steel. Each has a cylin- 
drical segmental face with a horizontal axis; 
and is hinged to a trussed beam supported be- 
tween the piers. The gates are 20 ft. 11 ins. 
wide, and have a circular height of 11 ft. 6 ins. 
The tops are at El. 209, and the sills at El. 199. 
A gate consists of six double A-frames or radial 
arms sheathed at the outer ends with %-in. 
steel plates bent to a radius of 17 ft. 6 ins. The 
frames have a triangular form, with the hinge 
at the apex. They are connected by gusset 
plates at the hinge, two cross braces of angles 
at one-third points, and by two circular angles 
at the ends, the latter forming the attachment 
for the sheathing. The gate is braced laterally 
by angles which are riveted to.the arms of the 
frames. 

The sheathing which forms the face is made 
up of five sheets of steel which are. spliced at 
the centers of the four inside frames. The pitch 
of the rivets is 2% ins. Each sheet is rein- 
forced and stiffened by angles riveted horizon- 
tally between the ends of the arms of the A- 
frames, the lower one forming the joint with the 
sill. Two loops are riveted to the sheathing 
about 2 ft. above the bottom, by which the 
operating chains are attached to the gate with 
clevises. There is a clearance of %-in. between 
the sheathing and the masonry. To prevent 
leakage at this place, a strip of 4-ply rubber 
packing 6 ins. wide is bolted to the edge of the 
sheathing and lapped back on to the masonry 
(Fig. 9). Provision is also made for placing 
rubber packing on the bottom of the gate. though 
all the gates have not yet been so equipped. 

Each trussed beam is 23 ft. 9 ins. long, and is 
built of two 10-in. channels having a cover 
plate % x 16 ins. on the up-stream side and 
batten plates on the reverse side. It is trussed 
in a horizontal plane, as shown in Fig. 9. The 
beams rest in recesses so that a plate can be 
slipped into them over the beam to take the up- 
ward thrust of the gate. The beam is also 
anchored to the masonry by means of a -steel 
yoke around each end, which is connected by a 
hold-back strap to a 24-in. anchor pin set 2 ft. 
in the masonry. The strap is 8 ft. long and has 
a turnbuckle in the middle, the latter being 
used during construction only. This detail Is 
shown in Fig. 9. 

The total weight of one sluice gate, not in- 
cluding the counterweight towers and chains, is 
21,535 lbs., divided as follows: sheathing, with 
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a 
The posts are anchored through sh: to the 
masonry and at the top are connecte Sein 
channels which carry the sheave be This 


beam consists of a pair of 8-in. chann. laced 
back to back, between which are four ...... 


drum sheaves for the counterweight ch rm 
towers are connected by a lattice rail! 8 ime 
deep which forms a guard for the do tream 
side of the operating bridge. 

The counterweights are 2 ft. 6 ins. 5 4 ft. 
4 ins. long, and 3 ft. 6 ins. deep. , are 
made of gravel concrete and weigh Droxi- 
mately 2 tons each. Each weight is ; nded 
by means of a vertical anchor rod t!} h its 
center. The rod has a clevis on the end 
and a nut and 6-in. cast-iron washer on the 


lower end. Over the washer, short p ces of 
rails were placed lengthwise to reinf the 
concrete. Each counterweight is atts cd to 
the gate by means of a %-in. dred: 


chain, 
which is carried over a pair of sheav: t the 
top of the tower and is bolted to the outsige 
frame of the gate near the sheathing. \ ertica) 
guides of white pine, 4 x 6 ins., are bolted to 
the towers, and the corners of the counter- 
weights are recessed to fit them, as shown. 

HOISTING CARRIAGES.—The gates are oper- 


ated by means of a hoisting carriage traveling 
on a bridge across the up-stream ends of the 
piers. This bridge is made of three lines of 
10-in. I-heams, covered with a 3-in. pine deck. 
The two operating chains of the gate pass 
through cast-iron thimbles which rest upon stee} 


plates bolted to the planks. To hold the gate 
open at any elevation, a dog is slipped between 
the links of each of the chains over the thimble 


and the load is thus transferred from the holst- 
ing carriage to the bridge. The carriage (Fig. 
11) has two drums, operated by gearing by 
means of a large hand wheel. The carriage was 
designed by Mr. Chr. Holth, M. E., but was sub- 
sequently slightly_ modified. 

MANUFACTURE AND_ ERECTION. — The 
sluice gates were manufactured by the Russel 
Wheel & Foundry Co., of Detroit, Mich. at a 
price of 4.2 cts. per lb. The 28 counterweight 
towers were built by the American Bridge Co., 
of New York, at a cost of $1,476. The prices 
were f. 0. b. cars at Rock Falls, Ill. Two oper- 
ating carriages were built by the Chicago Bridge 
& Iron Co, at $351 each. Drawings of the gates 
and towers were furnished to the contractors, 
from which they prepared the detailed shop 
drawings. The work in both contracts was done 
under practically the same specifications, from 
which the following extract is taken: 


All structural steel shall be made by the open-hearih 
process and shall be of the grade known as medium 
steel, and all rivets shall be of rivet steel. Both shall 
conform in all respects to the Manufacturers’ Standard 
Specifications (Carnegie’s Pocket Companion, edition of 
1903), end must not contain over 0.08% of phosphorus. 




















FIG. 7. NEEDLE DAM OF THE POIREE TYPE FOR CLOSING THE 35-FT. OPENING FOR THE 
FUTURE LOCK. 


angle ribs and gusset plates, 6,707 lbs.; trussed 
beam complete with rod and pins, 3,006 Ibs.; 6 
A-frames and ties, 11,400 Ibs.; 2 cast-iron thim- 
bles and chains, 187 Ibs.; 2 yokes and hold-back 
straps, 235 Ibs. 

COUNTERWEIGHTS AND TOWERS.—Part 
of the dead load of the gate is counterbalanced 
by concrete counterweights hanging in _ steel 
towers on the masonry (Fig. 10). The towers 
are 16 ft. high, 5 ft. 4 ins. long, 4 ft. 6 ins. wide, 
and all except the two on the abutments carry 
two counterweights. They are built up of angles. 


The sluice gates were erected by hired labor 
by the United States during the season of 1907. 
The specifications required that each sate be 
assembled in the shop and its parts marked. 
The trussed beams and A-frames were manu- 
factured and shipped complete; the sheathing, 
ribs and gussets were shipped in three parts, 
and the diagonal rods separately. The " terials 
were received at the railway siding on t)« canal 
right-of-way, transferred to marrow s:-¢ flat 
cars and hauled to the. ddm site. The ».‘ts of 
the gates were hauled to the place of »rection 
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top of the sheeting and to @ distance of about 
20 ft. up-stream. 

The deck of the dam is divided by a 14-in. 
step into two parts, one-third being up-stream 
and two-thirds down-stream, with the crest at 
El. 206. The apron has a downward slope of 
4 ft. 3 ins. in 16 ft., and is covered with 8-in 
oak spiked to white pine purlins, 8 x 8 ins. and 
6 x 12 ins. The purlins are fitted into notches 
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FIG. 8. REVOLVING SEGMENTAL SLUIC 


by wagon over a temporary bridge across the 
lower end of the masonry, and lowered into 
position by means of a 10-ton crab mounted on 
a stiff-leg derrick. The derrick was moved for- 
ward on 6 x 8-in. timbers which spanned the 
sluiceway and rested on the piers. The trussed 
beam was first dropped into place, and from it 
and the operating bridge an erecting platform 
was suspended. The 19 sluice gates at the south 
side of the river were erected while the water in 
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Section . 
E-GATES FOR THE STERLING DAM. 


the river was flowing through the sluiceways. 
Fig. 11 shows one of the gates partly raised by 
the operating carriage, and shows also the coun- 
terweight and towers. 


Crib Dam. 


The fixed portion of the dam (Figs. 12 and 13) 
is a rock-filled crib 588 ft. long, 24 ft. wide, 
about 9 ft. at the crest. It is provided with 
flashboards for raising the water to normal pool 
level. The crib is built 
with pine timbers 6 x 8 
ins., laid flat and pinned 
together with drift bolts 


four rows of longitudinal 
timbers 8 ft. apart, the 
individual timbers being 
16 ft. long and arranged 
so that the alternate 
rows break joints in the 
succeeding panels. A 


ti 
Section tier of cross timbers is 











Pn = Sn o A-B. z 
Rocking at 30: End Packing . Sith: ok: meee 
Details of Sill. tiers, divide the crib into 
Beata Ween o--—~——24 three rows of pockets, 8 
5 2 Diam Me i ' ft. square. These pock- 
cs 1 <9F ets are filled with rock 
a excavated from the tail 









Plan. 
Yokes and Strap. 


DETAILS OF SLUICE-GATES. filling extends to the 


FIG. 9. 


For 24 rough Pin 





race of the power plant 
(Fig. 13). Double-lap 
pine sheeting ts spiked to 
the face of the dam, 
against which the refuse 
Ene News. from the quatry is 
placed for backing. This 


% x 16 ims. There are 


Fig. 10. Towers and Counterweights for the 


Sluice-Gates. 


cut in the cross timbers and are fastened to 
them by %-in. drift bolts. The up-stream third 
of the dam has a downward slope of 2 ft. in 8 
ft. from the crest to the face. It has a deck of 
3 x 12-in. pine covered with 4-in. steel plates. 
The plates are 8 ft. square and have four rows 
of 11/16-in. holes through which they are spiked 
to the purlins. 


FLASHBOARDS.—Flashboards are placed on 
the dam when necessary to raise the water to 
normal grade. Along the crest at intervals of 
4 ft., notches 1 in. wide and 3 ins. deep are cut 
in the steel plates. A pair of 2%-in. angles is 
riveted to the bottom of the plates, with the 
backs 1 in. apart and the ends protruding 1 in. 
beyond the plates. Through the ends of the 
angles a %-in. bolt is placed and a bar of Nor- 
way iron % x 1% ins. stands between the bolt 
and the back of the notch in the steel plate. 
The bottom of the bar passes through a smal! 
casting, lag-bolted to the side of the upper pur- 
lin, and rests on top of the apron. The bar is 
bent so that the portion above the crest is ver- 
tical, and 2-in. planks are fastened with U-bolts. 
The bars are so designed that if the pool level 
rises more than 1 ft. above normal, the bars 
will bend, throwing the flashboards down. 

FISHWAY.—A fishway is provided at the 
north end of the crib dam, between the masonry 
of the power plant and a small concrete wall or 
pier parallel to it. It passes below a cross—wall 
between the two. It is 9 ft. wide and has a 


siope of 1 in 5. It is built on a timber crib simi- 
lar in construction to the lower part of the <rib 
dam. The water is admitted through an opening 
in the cross-wall and traverses a zigzag path of 
about 150 ft. to the point of discharge. 
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Power Plant. 

The power plant is looated at the north end of 
the dam, within the corporate limits of the city 
of Sterling. The U. 8S. government has con- 
structed the controlling works, thus retaining ab- 
solute control of the river. The substructure, 


The sluiceways terminate in the wheel rooms, 
in each of which two turbine wheels are located 
in tandem, as shown in Fig. 15. 

The side walls of the wheel room are 2 ft. 
thick, 16 ft. high, and are of reinforced concrete. 
The reinforcement consists of %-in. plain round 

bars, laid about 4 ins. 
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FIG. 11. 


tall race, etc., have been constructed by the 
Sterling Hydraulic Co., and the building will be 
erected and the equipment installed by the com- 
pany during the present year. 

CONTROLLING WORKS.—The _ controlling 
works consist of six cylindrical sluice gates with 
counterweights and masonry, similar to those at 
the south end of the dam and previously de- 
scribed. The gates and sills were placed 4 ins. 
lower than those at the south end of the dam. 
Instead of cutwaters at the up-stream ends of 
the piers, inclined reinforced concrete beams 
(Fig. 14) were constructed for the supports of 
the drift racks. The concrete beams are in- 
clined at an angle of 45° with the face of the 
piers, into which they are anchored by rein- 
forcing bars, the lower ends being trenched into 
the rock. The beam is 2 ft. wide and 3 ft. deep, 
and is reinforced with 15 plain rods %-in. 
diameter. 

The drift racks are carried on 10-in. I-beams 
supported on the concrete beams, the two lower 
I-beams being also supported by a small con- 
crete pedestal half way between the two con- 
crete beams. The lower ends of the drift racks 
rest on a concrete foundation or sill. A small 
bridge for handling drift is carried on the tops 
of the concrete beams. The inclination of the 
rack tends to force the drift to the top and 
facilitates its removal. The inclined rack has 
a greater area than a _ vertical rack, and 
therefore would not be so quickly obstrucf®d. 
There is an area of about 70 sq. ft. under the 
conerete beam, which allows the water to be 
equalized back of the rack and makes it prac- 
tically impossible for the entire hydrostatic load 
to be brought upon a rack even if it were en- 
tirely covered with drift. 

POWER STATION.—The masonry of the 
power station abuts on and is bonded to the 
masonry of the government controlling work. 


Dx XX AD 


ame 


ONE OF THE 25 SLUICE-GATES OF THE STERLING 
DAM (RAISED ABOUT 4 FT.) 


(On the service bridge is the operating carriage for handling the gates. The 
two hoisting chains attached to the face of the gate are led to drums operated by 
gearing by the large hand wheel. The towers carry the gate counterweight; 
the one on the right has only one counterweight as it is on the abutment; 
the other is on a plier and has counterweights for two gates.) 


from the face of the wall 
and spaced 6 ins. c. to 
c. These walls are car- 
ried on foundations that 
form the sides of the 
wheel pits; these latter 
walls are 3 ft. wide, flar- 
ing out to 4 ft. at the 
top in the last 30 ins. to 
form the supports for 
the floors. Reinforcing 
stirrups or U-bars were 
embedded in the concrete 
3 ins. from the top and 
crosswise of the wall. 
The end wall is com- 
posed of two reinforced- 
concrete beams extending 
across the wheel room, 
with an opening (A, Fig. 
15) 3 ft. 6 ins. deep 
between them. This is 
to be used for spillway 
in case of an emergency. 
Ordinarily it will be 
closed with wooden sluice 
gates (B). The lower 
beam is 3 ft. wide and 9 
ft. deep, and has two 20- 
in. I-beams embedded at 
the bottom. The corners 
of the wheel room are 
cut off at angles of 45°, 
thus enlarging and rein- 
forcing the junction be- 
tween the sides and 
lower beam, %-in. plain 
square rods being bent 
so as to reinforce and 
bind the two together. 
The upper beam is 2 
ft. wide, 5 ft. deep and 
carries the west wall 
of the building. It is supported at its center by 
a concrete post resting on the beam below. The 
walls of the wheel pit extend 4 ft. beyond the 
building line and contain recesses for use in 
building cofferdams for making repairs. The 
opening between these walls is divided into three 








concrete reinforced with No. 10 expanded 
was laid between the beams and on their 
flanges. Two openings 10 ft. square we: 
for the wheels, each wheel frame resting o 
8-in. cast-iron columns. The generators 
cated over the wall between the second and 
wheel rooms. This wall was made dout 
thickness of the other walls, and that 
above El. 208.5 was made 13 ft. 4 ins. y 
give mass for absorbing shock and vibrat} 

Reinforced-concrete beams have been 
structed over the wheel rooms, supported 
side walls; these carry the floor, mac! 
building, etc. The main building of the 
Station is to be 50 x 165 ft., construct: 
brick. It is to be provided with a 10-ton 
crane on a track running the full lengt 
the building. The building is to be heat: 
steam, a boiler room for the purpose being 
vided. The installation is to consist of 
units, each having a 750-KW. generator. 
citer, and six 66-in. vertical water wheels BK 
to a line shaft extending practically th: 
length of the building. The power is 
transmitted to the factories in Sterling 
Rock Falls, the extreme distance being about 
miles. 


t 


Construction. 


The work of constructing the crib dam, 
controlling works and excavating for the pow 
station, was carried on simultaneously and 
hired labor, during the season of 1907. A te: 
porary bridge was built over the south sluice- 
ways, being carried on the piers for about two 
thirds of the distance and the balance of the 
way on trestles at the lower end of the piers 
The latter third was built on a grade of about 
6%, landing at the river bottom shortly beyond 
the outside pier. 


At the close of work in 1906, a cofferdam was 
left which enclosed the outside pier of the 
masonry at the south end of the dam. From the 
two outside corners of this enclosure, wings 
were built to the north shore, enclosing the en 
tire space occupied by the crib dam, power plant, 
tail race, etc., an area of about six acres. Al! 
of the materials for the cofferdam (gravel, ce- 
ment, lumber and other supplies) were received 
at the south end of the dam and hauled over 
the temporary bridge. There was no storage 
space at the north end except in the unwatered 
river bed. 

The water was drained to.a sump where two 6- 
in. centrifugal pumps were installed, only one 
being used except immediately after a heavy 
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FIG. 12. BUILDING THE ROCK-FILLED CRIB SECTION OF THE STERLING DAM. 








(At the right is the upper line of the cofferdam.) 


parts by two vertical 12-in. I-beams having one 
end cemented into the rock and the other end 
anchored into the concrete beam above. 

For a flocr in the wheel room, 18-in. I-beams 
were laid on the foundation walls and 6 ins. of 


rain. The river bed was stripped of loose - 
gravel, etc., and work begun by laying the ‘" 
bers in the crib and excayating rock from ‘ 


tail race, etc. One or two ay pockets w°° 


found in the rock where the cribs were tc 
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ea 
pailt. T. ese places were excavated and filled 
with cri work. As fast as the crib was built 
it was f od with the best of the rock from the 
excavat at the power station, the waste being 
placed front of the crib. The average depth 
of the + -< excavation at the site of the power 
station »as between 11 and 12 ft., and for the 
tai] rac. it varied from 12 ft. to about 3 ft. as 
it reced. 1 from the power station. 

The crete was similar to that used at the 
south «nd of the dam, excepting that crushed 
rock was used instead of pebbles. It was mixed 








sluiceways 24,670 sec.-ft. The back water will 
very seldom be as high as El. 206. Except at 
times of extreme high water the river can be 
entirely controlled with the south gates. 
However, before the run of ice and the spring 
floods occur, the flashboards would be removed 
and the water forced to flow over the crib dam 
by closing the ‘necessary gates. Before placing 
or removing the flashboards, the pool level is 
drawn down by means of the sluice gates so that 
not more than 10 or 12 ins. of water is running 
over the dam. The flashboards are then placed 
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FIG. 13. SECTION OF CRIB DAM, WITH DETAIL OF FLASHBOARDS AND SUPPORTS. 


in the same Smith mixer but charged by wheel- 
barrows. The concrete was also hauled to the 
forms in wheelbarrows, a steam hoist being used 
for elevating the barrows on the government 
work, and an incline for the other work. The 
concrete in the power station was deposited 
during November and December, in freezing 
weather, the minimum temperature being zero, 
and the average about 20° F. The water used 
in the concrete was heated almost to the boiling 
point and live steam was turned into the mixer 
while mixing. The concrete was made medium 
wet. As soon as a form was filled and floated, 
side boards were put on and a canvas cover 
fastened over the boards. Live steam was then 
turned into this space from one end of the sec- 
tion. 


The last concrete deposited during the season 
was that for the floors of the wheel rooms. After 
the concrete had been deposited, covers of old 
canvas were laid over the floor beams and placed 
on frames in front of the opening from the wheel 
pit. The space was then heated with an ordinary 
coal stove. This concrete was as good in quality 
as any deposited. 


Operation. 


Under normal conditions the flashboards will 
be in place on the dam and the pool level main- 
tained at El. 208.3 by means of the sluice gates 
at the south end of the dam. By operating the 
gates in time, it is possible to maintain the de- 
sired ievel without a fluctuation of more than 
0.2 or 0.3 ft. One man can readily operate a 
gate and there is always a man on duty (day 
and night); other men are available by telephone 
call. 

A test was made with two men alternately, 
operating the hoisting carriage, to determine the 
time required to operate a gate. To disconnect 
the chains of one gate, move the carriage ahead 
to a second gate, and connect the chains ready 
to hoist required 2 mins. The men raised the’ 
sates the first 5 ft. in 5 mins. and continuing 
raise] the bottom of the gate to El. 208 (the 
height necessary to clear the ice) in 8 mins. 
more. making a total of 15 mins. required to 
raiss the gate 9 ft. It would be necessary to 
hav. four men for each hoist if it were desired 
to coven the gates at this rate. There being two 
hols ng carriages at the south end of the dam, 
it. uld be possible to raise the 19 sluice gates 
5 f in a total of 1 hr. 10 mins., and to fu 
heica’ in 2 hrs. 30 mins. 
be c’ sed in one hour. 

It vas estimated that, with the water below 
the (im at EL 206 and above at El. 2083 (the 
Sill | ‘ng at grade El. 199) each sluiceway would 
disc\urge 1,288 sec.-ft. of water and the 19 


or removed by men wearing rubber boots, walk- 
ing on the dam. The bars are first dropped into 
place and a plank floated to position, lifted on 
edge and pushed into place, where it is held by 
the pressure of the water. The lower course of 
boards would be placed entirely across the dam 
before starting the second course. 

In connection with the investigation of the 
river bottom just below the crib dam, the writer 
had the lower boards of the flashboards placed 
across the dam, about 80 ft. of the boards being 
in place at one time. Four extra bars were used 
and a plank would be taken off at one end and 
carried to the other end and set up. It required 
one man a little over four hours to carry the 
first course of boards entirely across the ‘river 
(about 575 ft.). About 10 ins. of water was 
running over the crest at the time and the 
boards were not fastened to the bars. 

In case a flood should occur while the flash- 
boards were in place, the flood being of such 
magnitude that it could not be discharged 


During the winter months, the ponds above 
and below the dam freeze over and a wedge- 
shaped piece of ice is formed on the up-stream 
face of the sheathing of each gate, effectually 
sealing the gate shut. A heating plant has 
been installed for thawing the ice around the 
gates. This plant consists of a 15-HP. boiler, a 
900-gal. steel heating tank and a Knowles tank 
pump. The plant is housed at the south end 
of the dam, and a distributing pipe extends the 
full length of the sluiceways. The latter is car- 
ried on gas pipe standards and also serves as a 
railing for the operating bridge (Fig. 10). It ts 
provided with expansion joints and cut-off 
valves, and has a tee over each sluiceway for 
connecting a steam hose. 

The water is heated in the tank with steam 
from the boiler to about 200° F. From the tank 
it is pumped on to the back of the gate, the heat 
thus absorbed melting the ice on the reverse side 
of the plate. To leosen the ice around the hoist- 
ing chains and at the angle between the sides of 
the gate and the masonry, live steam is turned 
into the pipe line and applied directly to the ice 
through the steam hose, a piece of %-in. pipe 6 
ft. long being used for a nozzle. The ice is then 
broken up with a spud and allowed to escape by 
raising the gate. In the latter part of January, 
1909, it was found necessary to raise the gates. 
The ice was about 6 ins. thick and during the 
day the temperature was as high as 60° F. An 
overseer with five men thawed out and operated 
18 gates in 10 working hours. 

The plans for the dam were approved by the 
War Department on July 17, 1906, the first work 
of construction was begun on July 21, 1906, and 
the government portion of the work was com- 
pleted so that water was turned into the canal 
for the formal opening on Oct. 24, 1907. No 
work was performed between the middle of De- 
cember, 1906, and the middle of June, 1907, the 
actual time of construction being about 10 
months. 

The total cost of that part of the dam con- 
structed by the government, including engineer- 
ing but not including office costs or flowage 
rights, was approximately $92,000. The dam 
and power plant were designed by Mr. L. L. 
Wheeler, M. Am. Soc. C. E., assisted by the 
writer. Major C. S. Riché, U. S. A., is the En- 
gineer Officer in charge of the government work. 
Mr. Wheeler is the U. S. Assistant Engineer, 
and is also consulting engineer for the Sterling 
Hydraulic Co. The writer was Resident En- 











FIG. 14. INCLINED BEAMS OF REINFORCED CONCRETE TO SUPPORT THE DRIFT RACKS 
ACROSS THE SLUICEWAYS OF THE POWER-HOUSE OF THE STERLING DAM. 


through the sluice gates, the water would rise 
about a foot above the normal level and then 
the bars would bend under the increased head, 
thus removing the flashboards without other 
damage than the loss of the planks. 


gineer in immediate charge of the construction 
work. Thanks are due to Messrs. L. L. Wheeler, 
A. O. Rowse, and the Russel Wheel & Foundry 
Co. for assistance rendered in connection with 
this paper. 
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Preliminary Chemical Treatment as an 
Aid to Slow Sand Filtration; Indi- 
anapolis Water Co.* 


By H. E. JORDAN.t 

The Indianapolis water-supply, which is furnished by 
the Indianapolis Water Co., consisted, until 1904, of well 
water. The amount obtainable from this source was be- 
coming insufficient for the needs of the city, and, accord- 
ingly, in 1902, the first construction work on the pres- 
ent slow-sand filtration plant was begun. 

The supply for the filters is taken from White River 
or Fall Creek, the latter being used as a duplicate source 








slow-sand filters; during the remainder of the year it 
carries rapidly fluctuating amounts of clay and silt, 
which renders its purification a problem of quite differ- 
ent nature. 

The removal of bacterial life, as developed in the 
earlier researches, was the principal problem of the 
operators of a slow sand plant. These waters, how- 
ever, containing variable amounts of inorganic sus- 
pended matter, present, as the chief problem, the re- 
moval of that turbidity, and, when that is effected, the 
other result has been attained. The operation of English 
filters with a raw water of this type has disclosed the 
fact that the deposition of silt in the sand layer not 
only decreases the production per run, but, decreasing 
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only. Both these streams rise within the State of In- 
diana; the former has a drainage area of 1,520 sq. mi. 
and the latter of 500. Each flows through on area which 
may be characterized as glacial drift. White River, 
for a portion of its course, flows through limestone out- 
croppings and is about doubled in size at low-water 
flow on account of the infiltration of spring-water from 
this stratum. The mean low-water flow available in 
both these streams is approximately 150,000,000 gals. 

The original installation at the filter plant consisted 
of three open beds, each 1.6 acres in area, and two 
clear-water basins of a total capacity of 5,000,000 gals., 
together with various administration buildings and reg- 
uleting houses. 

The water from White River, before reaching the 
plant, flows through the company’s canal, which is seven 
miles long, with an average width of 50 ft. It was ex- 
pected to obtain a certain amount of sedimentation 
during the flow from the head of the cenal to the filter 
plant, but the development of a water-power pumping 
station below the filtcr plant made the flow too rapid for 
this purpose, 

There was some question as to the need of covering 
the beds, and as to the best size of the individual 
units. The operation during the first winter developed 
the fact that, during the months of January and Feb- 
ruary, the operation would be considerably hampered 
if the filters were not roofed; also, on account of ease 
in handling, smaller units were preferable. So, in 
1905-06, the original plant was modified to its present 
condition, now consisting of six covered filters, each 
776-ecre in area, [See Eng. News, April 26, 1906, for 
description of reinforced-concrete roof of filters.—Ed.] 

The condition of-the raw water as to the amount of 
suspended matter at certain seasons of the year was the 
reason for experimental work, done during the year 
1906-07. It will be remembered that the classic inves- 
tigations of Piefke in Berlin, and Fuller at Lawrence, 
Mass., in 1894, were with waters of high bacterial pol- 
lution, but carrying a relatively insignificant amount of 
suspended matter. 

It was realized that there would be developed certain 
problems not touched in their investigations regarding 
slow sand filter operation, on account of the fact that 
White River, during spring freshets, carries as much as 
1,500 parts per million of suspended matter. The rivers 
of Indiana represent very clearly the middle class of raw 
weters in this country. White River contains, during 
approximately two-thirds of the year, a relatively small 
amount of suspended matter, and is filtered with ease by 


*Slightly condensed from a paper read before the Chi- 
cago Section of the American Chemical Society, May 21, 
1909. 

+Bacteriologist and Chemist, Indianapolis Water Co., 
113 Monument Place, Indianapolis, Ind. 

















Elevation. 
SECTIONAL ELEVATION OF THE POWER-HOUSE AT THE STERLING DAM. 


the bacterial efficiency, makes the higher numbers of 
becteria in the effluent—consequent upon flood seasons— 
more extreme. Not only are the unfavorable conditions 
effective at the particular time of the flood cor freshet, 
but the amount produced in successive runs steadily 
diminishes, and, apparently, on account of the covering 
over of the bacterial coating with silt particles, the or- 
ganic purifying power of the sand layer becomes less. 

Just what amount of suspended matter may be handled 
by means of sand filters has been the subject of con- 
siderable question. The observations at Indianapolis 
are to the effect that a turbidity higher than 15 to 20 
parts per million will cause a compacting of the sand 


handle, for a day or so, turbidities of | : 
conditions cause rapid increase in loss of whem 
tate hurried cleanings and disarrange the ; 1 
ule of operation, often resulting in insuft; seh 
of filtered water for distribution. be, 

During the past three years there 
average of 82 days per year when the turbi 
River water exceeded 40 parts per milli ; 
resenting the amount as now understood : » A 
produce a settled water of optimum qua! ey 
sand filtration. During the remainder of ; 
the other hand, the raw water, after sett! 
filtered at rates from six to seven and on: 
gallons per wre with the production of 
effluent. 

There is another aspect of this high tur during 
the 80 or 90 days of the year that, to th Pes. 
Indianapolis, appears to render single { 
any type inefficient. A water of unifor: 
bacterial content, not exceeding 50 per c. c 
days in the year, represents a water-supply 
acter such as to be above suspicion. The e» ‘ 
every water-works official is that at some tin e eff 
ent from his plant is going to bear the unmis: 
dence of fluctuations in the raw water. Data ‘ 
operating in this country and Europe, both 


a 


and mechanical, show that periods of extrem: sittin 
or high turbidity, or sudden fluctuations from one degree 
of quality to another, produce, with a single filtration 
system, an effluent of depreciated quality. The “peak, 
as it may be called, in the raw water, either « or in- 
organic, results in a finished water of less factory 
character. It is true that by reducing rates of I. 
tration these difficulties may be obviated, but a filtra- 
tion plant consisting of such an excess area of filters 
of any sort, as to enable reduced rates to remove this 
difficulty would be an extravagance, 

It was with these ideas in mind that the Indianapolis 
Water Co. sought to so modify its original filter instajia- 
tion that there might be, for this short period of the 
year, some added detail of the plant not representing a 
great increase in fixed charge, that would aid in the 


solution of these difficulties. The problem that has 
been met at the local plant is also one of moment in the 
Poughkeepsie, Albany, New York, Philadelphia, Wash- 
ington and Pittsburg purification problems, and, in cer- 
tain reverse conditions, in the operation of the Harris- 
burg mechanical filters. 

The treatment of waters of this character has been 
the subject of several investigations in years past 
Fuller, in 1898, at Cincinnati, devoted considerable 
study to the operation of a slow sand filter, preceded 
by a coagulation and sedimentation of the raw water 
The operation at this place was not successful, due, as 
is recognized at present, to the insufficient sedimentation 
following the application of the chemical. The report of 
Colonel Miller regarding experimental filtration opera- 
tions at Washington, D. C., in 1900, was to the effect 
that either mechanical filters or modified slow sand filters 
should be installed at that place. The investigations of 


layer and carriage of silt into the effluent. Filters can Hardy and Longley since that time, in the operation of 





FIG. 1. 


FIRST FLOOR OF CHEMICAL HOUSE,. INDIANAPOLIS WATER CO., SHOWINS FEED 


HOPPER ABOVE AND EJECTOR BELOW USED IN FILLING SOLUTION TANKS WITH IRON. 





Au 


— 


the slo 
led to 
constr’ 
from | 
filtrati 
been 

sponge 
Belmo 





tainir 
the i 
Goetz 
Civil 
tion 
tion | 
when 
filter 
ducin 
ity, 1 
diffie 
it wi 
withi 
ment 
in D 
of H 
Pre 
filter 
on tl 
desig 
times 
treat 
80 2 
taini, 
and | 
settli 
durit 
with 
Th 
pre-t 
the | 
vesti 
syste 
Fall 
burg 
Lora 
pre-| 
of 
thei; 
perr 
fina 
prec 
prot 
A 
stru 
of 
at { 
Tats 
ful 
lath 
ical 
bas 











TS 











Aug 5, 1909. 


ENGINEERING NEWS. 


145 





— 

the slow +4 filtration plant installed in that city, have 
jed to t ynelusion that a coagulation plant should be 
constru so that the over-load might be removed 
from tl ters. In the operation of the Philadelphia 
filtratio: nts, various methods of pre-treatment have 
been t Plain sedimentation, followed by rapid 
sponge ition, has been used at the Roxborough and 
pelmon: plants. The Torresdale sand filters are pre- 
ceded rapid sand filtration. The operation of the 


pittsbur filtration plant has been attended with the 
same p diems and there are, at present, being con- 
ducted eries of experiments for the purpose of ascer- 





1908, and the operation has been carried on according 
to the new scheme during the past winter. This con- 
sists in the passage of the water from the canal to the 
laboratory or administration building, where, if, neces- 
sary, the coagulant is applied to the water. From here 
it flows to the settling basin, and, after passing 
through this, on to the filter beds. 

The chemical, or head house, is a three-story brick- 
veneered reinforced-concrete structure. The lower, or 
basement floor is partly used for extra storage of 
coagulant. At one end of this are placed the outlets 
from the slacker tanks and saturators, so arranged that 





FIG. 2. PORTION OF SETTLING BASIN OF 
WALL, PRESSURE WASH-WATER MAIN 


taining the amount of pre-treatment necessary to render 
the influent weter to the filters of satisfactory quality. 
Goetze, in 1903, presented to the American Society of 
Civil Engineers the results of the operation of the filtra- 
tion plant at Bremen, Germany, where a double filtra- 
tion was resorted to and the effluent of a primary filter, 
when not satisfactory, was passed through a secondary 

iter. This treatment, although successful in  pro- 
ducing a final effluent of satisfactory and uniform qual- 
ity, was open to the criticism that it did not obviate the 
difficulties in the operation of the primary units, since 
it was not possible to prevent the deposition of silt 
within the sand layer. Later, the process of treat- 
ment with sulphate of alumina was adopted, as indicated 
in Dr. Goetze’s paper before the International Congress 
of Hygiene in September, 1907. 

Probably the first installation of a modified slow sand 
filter in this country was at Ferncliff-on-the-Hudson, 
on the private estate of the Astor family. This plant, 
designed by George W. Fuller, is so arranged that at 
times of high turbidity in the raw water, it may be 
treated with elum and passed through a settling basin 
so as to give to the filters an influent water con- 
taining a relatively small amount of suspended matter 
and bacterial life. In 1908, at Poughkeepsie, N. Y., the 
settling basin was provided with a series of baffles, and, 
during certain seasons of the year, the water is treated 
with alum. 

The modification of the Indianapolis plant, so far as 
pre-treatment was concerned, was taken up definitely in 
the spring of 1907. The author, during that year, in- 
vestigated the operation and construction of filtration 
systems at Lawrence, Mass.; New Haven, Conn.; Little 
Falls and Hackensack, N. J.; Philadelphia and Pitts- 
burg, Pa.; Washington, D. C.; Columbus, Cincinnati and 
Lorain, Ohio. Plain sedimentation, rapid sand or sponge 
pre-filtration were not considered acceptable on account 
of high fixed charges, and uncontrollable fluctuations in 
their effluent. Double filtration would heve entailed a 
Permanent investment of too great an amount. It was 
finally decided that a settling basin of moderate size, 
preceded by coagulation when needed, would solve the 
problem. 

A settling basin, fourteen acres in area, was con- 
structed and, during the winter of 1907-08, at the times 
of extrem. turbidity, sulphate of alumina was applied 
at @ temporary coagulation plant installed in the labo- 
ratory building. ‘The operation of this was success- 
ful enouc’ to indicate the wisdom of a permanent instal- 
— ordingly, designs were completed for a chem- 
cal house end permanent improvements in the settling 
basin. These improvements were completed by Nov. 1, 


INDIANAPOLIS WATER CO., SHOWING BAFFLE 
AND SLUDGE OR SEDIMENT GUTTER. 


the sludge drawn from either may be collected in a 
sump, and removed from this in barrows or 
washed through a sewer into Fall Creek below the plant. 
The ground floor of the building is used for ordinary 
storage of coagulant. On this floor is also placed the 
ejector, which is used for lifting the sulphate of iron 
into the tanks. The method of preparation of the iron 
solution at the Indianapolis plant is quite different from 
that at any other place. The quantity of iron required 
for a tank-full of solution, usually 1,500 Ibs., is taken 
to the second floor of the building and is pleced in a 
hopper, which extends down through the floor to a point 
within 6 ft. of the lower floor. Leading from the bot- 
tom of this is a 3-in. pipe, controlled by a valve, which 
ends directly over a small 
ejector (Fig. 1). When it is 


o 


tank and there branch out into a cfoss-form, with 
\-in. perforations looking downward. This process 
gives a thorough and inexpensive stirring of the solu- 
tion in the tanks. Within twenty minutes from the time 
that the ejecting is begun, the tank is filled and the 
iron completely in solution. 

During ordinary turbidities, the strength of the coagu- 
lant solution is 5%, but when unusuel amounts of coage- 
lant are being added, it is increased to 7.5%, since it is 
more economical to put a greater amount of the chemical 
in the individual tanks than to refill them so often. 
These solution tanks, four in number, each having a 
capacity of 500 cu. ft., are located upon the second 
or operating floor of the head house, directly over the 
saturator tanks. The solution is passed by gravity from 
them through an orifice box upon a mezzenine floor and 
from that through a 4-in. cast iron line to the point 
at which it is applied to the raw water Upon the 
operating floor are placed the various valves controlling 
the flow of the raw weter through the chemical house, 
the idea being to divert a certain portion of the un 
treated water into the house where it receives the treat- 
ment with lime. There is also on this floor the Venturi 
meter indicator, showing the amount of water passing 
to the settling basin. At the west end of this floor are 
placed the siccker tanks, four in number These tanks 


are made of galvanized iron, 6 ft. high and 5 ft. in diam 
eter, so situated that their tops are flush with the floor 
Each slacker is provided with motor-driven stirrers, con 
structed on the same design as those in use at Cin 
cinnati and Columbus. The electric power current is 
purchased from the Indianapolis Light & Power Co 
They are at present operated in two pairs, the charge of 
lime being placed in one, and, efter the slacking, it i 
allowed to flow over into the second, where the suspen 
sion becomes more uniform It is the intention, after 
certain experimental work has been completed, to re 


place these slackers in more permanent form with two of 
the same size which may be used alternately, from which 
the milk of lime will be passed into a larger equalizer 
tank having a capacity five or six times as great By 
this process, it will be possible for the milk of lime to 
be fed in an even mixture to the raw water. An alarm 


bell, regulated in the laboratory, gives notice to the 
attendant when to put in the charge of lime, 100-lb 
amounts being fed at intervals varying from 10 to 90 
minutes. 

Both hot and hydrated lime are kept on hand This 
is primarily on account of a feature of the contract 


which specifies that if the contractor shall fail to make 
delivery within a certain period after the date of an 
order, the company may use hydrate et the hot lime 
price. As a matter of results obtained, there has been 
noted no difference. As regards stability and conven 
ience in handling, the hydrete is far superior. The 
irregular use of coagulants and the large quantities use! 
at these periods, makes the use of the more stable 
hydrate preferable, but under present cost conditions, it 
has been found more economical to use hot lime, even 
though there is a certain percentage of carbonization or 
air slaking 

The application of chemicals, when lime and iron is 
being used, is somewhat different from that ordinarily 





desired to fill one of the 
solution tanks, the valve in 
the bottom of the hopper is 
opened and the iron flows 
down through the pipe and 
falls directly over the stream 
of water flowing from 
the nozzle. This ejector is 
connected to the city mains 
and works at a _ pressure 
varying from 50 to 60 Ibs. 
The stream of water picks rs 
up the particles of iron, 
passes them through the 
throat tube, into the 2%- 
in. lead-lined pipes which 
lead to the various solu- -—— + — 
tion tanks. By this method 
it is possible for a 1,500-Ib. yam 
charge to be lifted into 
the solution tanks’ with- 
in from eight to ten minutes, 
during which time it is 
practically dissolved. The 
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a pressure line, so arranged FIG. 3. DIAGRAM ILLUSTRATING A TYPICAL RUN (MARCH 8 TO 


as to deliver the water to 15, 
the solution tanks, and the co. 
filling is completed. During 


1909) OF COAGULATION PLANT OF INDIANAPOLIS WATER 


Showing turbidity of raw and settled water and unit quantities of ch l sed 
the time that this supply ( & ra q of chemicals used.) 


of water is being passed to the tanks, the solution is 
kept constantly stirred by means of a small Root air- 
blower. This is placed on top of one of the tanks and 
the pipes leeding from it are carried to the various 
solution tanks. These pipes go to the bottom of the 


followed. It appeared, from certain preliminary experi- 
mental data, and also from the general proposition of 
the application of lime in connection with iron, that the 
lime should precede the fron. Accordingly, it is applied 
to the raw water as it passes through the head house. 
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The iron solution is carried through the 4-in. cast-iron 
pipe to a point either 400 ft. distant, or just where 


the raw water enters the settling basin, 1,600 ft. from . 


the chemical house. By this means, it is possible to 
apply the iron either 5 or 20 minutes after the lime 
has been applied. This makes it possible for the dose of 
lime to correct the carbonic acid contained in the water 
before the fron enters it, and eliminates certain re- 
verse chemical reactions, which would occur if the 
iron were applied first. - 

The conduit leading the treated water to the settling 
basin opens into the basin at a point 6 ft, below the 
water level. By this, it is possible for the coagulated 
water to pass into the basin without disturbance. 

During preliminary runs in the winter of 1907-8, in 
the absence of a Venturi meter, weirs were placed at 
the inflow of the basin so that it might be possible to 
get data as to the amount of water being treated. The 
fall of the water over the weir into the body of water 
in the basin resulted in a breaking up of the coagula- 
tion, which, as has been noted at other places, did not 
re-form. The result was to interfere with the settling 
out of the suspended particles. So, when the basin 
was constructed in permanent form, the inflow of raw 
water was so arranged that this would not occur. 

‘The settling basin is 14 acres in area, averaging 10 
ft. in depth. The rated capacity of the basin is 45,000,- 
000 gals. By means of a pretty thorough baffling sys- 
tem (Fig. 2) it is divided into seven compartments. The 
shortest distance of travel through the basin is 5,000 
ft. During the preliminary operation, the baffling was 
much less complete, and, although the basin had the 
same rated capacity, it was very clearly evident that 
there was a much less amount of displacement. Certain 
observations indicated the passage of some of the raw 
water to the outflow points within six hours. 

If there is any one thing that is essential to the op- 
eration of a coagulation system, in connection with slow 
sand filtration, it is that no coagulum shall pass to the 
sand layer. The experiments conducted at Cincinnati by 
Fuller in 1898, with a basin giving as high as 24 hours 
sedimentation, demonstrated the fact that that period 
was not great enough to remove the objectionable amount 
of coagulated material. The experience of Goetze in Bre- 
men, and Wilicombe at Ferncliff, was to the same effect. 
It was found that the runs of the filters, instead of be- 
ing increased by the coagulation process, were, in a 
great number of cases, decreased by half, on account 
of the fact that the coagulated particles of mud passed 
to the sand layer and formed a mat upon the surface 
of the sand. These same difficulties were met in the 
Jerome Park experiments [New York City]. 

The experience at the Indianapolis plant indicates a 
necessary sedimentation period of not less than 48 hours. 
This effectually removes all but 15 to 20 parts per mil- 
lion of suspended matter, which amount represents a 
satisfactory condition for the operation of slow sand 
filters. 

The efficiency of sedimentation, as obtained during 
the past fiscal year, may be summarized as follows: 

During the periods of coagulation (87 days total) the 
raw water contained an average of 16,500 bacteria per 
c.c., with a maximum of 150,000, and the settled, 1,300; 
a reduction of 91.63%. The turbidity of the raw water 
averaged 110 parts per million, and the settled, 13; a 
removal of 89.1%. It is not sc much the removal that 
is a matter of satisfaction as the fact that the settled 
water, after coagulation, averaged but thirteen parts per 
million of suspended matter. This indicates that the 
difficulties of the previous years—the peaks of excessive 
turbidity—have been successfully dealt with. 

There is herewith illustrated (Fig. 3) a typical run of 
the coagulation plant as evidenced by the conditions of 
the raw and settled water. During this run there was a 
total of 188,500,000 gals. treated. The labor cost per 
1,000,000 gals. was 16 cts.; the power used in the lime 
slackers and stirring apparatus cost 0.7-ct. per 1,000,000 
gals. 

A volume of 25,800,000 gals. cf low turbidity was 
treated with alum during the latter part of the run at 
the rate of 1.01 grains per gal., with a cost of $1.39 per 
1,000,000 gals. A volume of 157,750,000 gals., the peak 
of the run, was treated with lime and iron, with an 
average of 1.99 grains of iron, costing $1.59, and 1.14 
grains of lime, costing 28.4 cts. 

During the run from Feb. 15 to March 1, 253,000,000 
gals. of water were treated with lime and iron, with 
an average amount of 1.77 grains of iron, or $1.40 per 
1,000,000 gals. and 1.25 grains of lime, at a cost of 44.2 
cts. The labor cost during this period was 25.5 cts. per 
1,000,000 gals. treated, and the power charge for stir- 
ring and slacking use was 1.2 cts. per 1,000,000 gals. 
The base costs of chemical during this period of treat- 
ment were: Alum, 97.21 cts. per 100 Ibs.; iron, 55.93 
cts.; hot lime, 28.7 cts.; hydrated lime, 28.9 cts. These 
costs include the purchase payment, plus the trackage 
and hauling charges and labor cost in getting the chem- 
ical in place in the storage rooms. 

The effect of preliminary chemical treatment upon 
the operation of the filters themselves is best evi- 
denced by the comparative results of the plant 


during the past two years. During the year 1907-8 the 
runs of the filters averaged 25.6 days in length, with 
a production of 56,800,000 gals. per acre between clean- 
ings, or a daily rate of 2,220,000 gals. per acre. During 
1908-9, with the settling basin in operation during a 
greater portion of the year, the average length of run 
was 26.6 days, with a production of 78,300,000 gals. 
per acre between cleanings, a daily rate of 3,010,000 
gals. per acre, or an increase in daily rate of 800,000 
gals. per acre. During the latter part of 1908, and a 
portion of the fiscal year of 1909, there have been three 
runs of filters completed, in which the old sand layer 
has been completely washed and replaced to the full 
depth of the filter. The average length of runs of 
these beds was 53.6 days, with a production of 205,000,- 
000 gals. per acre between cleanings, or an average daily 
rate per acre of 3,820,000 gals. 

The filters have been operated during the past year 
at rates as high as 5,500,000 gals. per acre per day 
without lessening the efficiency in any regard. Experi- 
ence indicates that this amount is not the limit of the 
ability of the filters to satisfactorily purify the water, 
but that from 6,000,000 to 7,500,000 gals. will be as 
effectually purified as at the lower rates. The only lim- 
itation at present upon the rate of the filters is the fact 
that the total amount of water used in the city is less 
than the capacity of the plant. 

In point of bacterial efficiency, the filters, during the 
year of 1907-8, handled a raw water containing, on the 
average, 6,366 bacteria per c.c., producing a filtered 
water averaging 126 per c.c., or an efficiency of 98.43%. 
During 1908-9, the raw water contained 5,575 bacteria 
per ¢.c.; the settled water, 803, and the filtered 30, rep- 
resenting a total bacterial’ reduction of. 99.47%. 

It has been possible for us to observe the compara- 
tive results with the use of alum, or lime and iron. We 
have noted that either, with careless handling, will not 
do the work for which they are intended, and, on the 
other hand, with proper care and intelligent supervision, 
either will satisfactorily remove both turbidity and color. 

There is no question that the lime-iron process must 
be accompanied by laboratory supervision if it is to be 
handled successfully and economically. In point of rel- 
ative cost of chemical, the evidence is clearly that lime 
and iron is cheaper. 

Regarding the cost of the entire process of modified 
sand filtration, there is considerable misapprehension. 
Instead of the process making a higher cost per mil- 
lion gallons, es believed by many, the reduced area of 
filters necessary, for a rate of 6,000,000 to 7,500,000 
gals. per acre, instead of 3,000,000 gals., reduces it. 

It is not possible to go into detail regarding the cost 
element in a paper of this length. Suffice it to say, 
that for a 20,000,000-gal. plant, interest charges for 
filters, head house, and basins need not exceed $5 per 
1,000,000 gals. Operation charges, without pumping, 
but including coagulation, will amount to not over $5 
per 1,000,000 gals. 

Data regarding various single-filtration systems else- 
where indicate that this amount is not in excess of 
their cost, and considerably under that of many. Tak- 
ing into account, further, that it is possible to produce 
a water of uniform quality, not running to such ex- 
cessively high numbers, as is the case in many single- 
filtration systems, it appears to us that such method 
is a decided advantage, and, as a general proposition, 
waters containing over 40 parts per million of sus- 
pended matter during approximately a third of the year, 
may be economically and satisfactorily treated by means 
of slow sand filtration, preceded by chemical treatment 
at such times as the raw water contains an excessive 
amount of suspended matter. 





ELECTRIC LIGHT OUTAGES are handled in the fol- 
lowing unique manner at Bangkok, according to an item 
published in the New York “Sun” and credited to the 
Calcutta “‘Times.’’ Our readers may take their choice 
as to placing the responsibility for the item, which we 
give for its human interest, as follows: 

Sir: For the case that your electric light should fail 
we beg to send you enclosed a it card, w 
send us at once when you fi your light out. The 
company will then send you another post card. 

Yours truly, 
Manager, Siam Electricity Company, Limited. 


, 
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THE WAR-SHIP TONNAGE of the seven leading 
navies of the world in November, 1908, was as follows: 
Great Britain, 1,669,005; United States, 685,426; France, 
628,882; Germany, 524,573; Japan, 371,891; Russia, 240,- 
948; and Italy, 220,458. When the vessels now being 
built will have been completed, the relative order only 
of France and United States will be changed, as the 
former nation will then have a tonnage of 801,188 as 
against 770,468 of the latter. Great Britain with a ton- 
nage of 1,871,176 will still maintain her two-power stand- 
ard, viz., a preponderance of 10% over the combined 
strengths of the navies of the two next strongest naval 
powers, 


The Design of an Eight-Mile | Head 
3 Hydraulic Conduit. 

By LARS JORGENSEN,* Assoc. M. Am 

CHOICE OF TYPE.—Almost al! 
head power developments made use 0; 
flume construction for carrying the a , 
the point of diversion to the beginn 
pressure pipe line. It was the easiest . 
est way, and the factor of safety wa na 
account because it was also very 
othér branches of the system. 

The main objection to a ditch runnin 
a steep hillside is its liability to wa: 
the ditch is lined with concrete this 


] the 


not so great, although it exists. ‘ ? 
country, however, a ditch or canal wh: then 
or unlined may be regarded as a safe it o 
power developments. In place of the di ‘ae ' 
the steep hillside, we have the choic- can 
tunnel, pipe line, and a combination of “a 
The third represents, perhaps, the bes: hon 
of the problem. { 

Of these three different kinds of con).,:; the 
tunnel is probably the safest. If it atteen 


through solid rock, the sides can be lressed 
well enough to bring the value of n oa ti 
0.017, in which case, with a water \. 
6 ft. per sec., it may fiot pay to line : sides 
with conerete if the only object is to brine this 
value down to 0.012. This depends, howe 


ty of 


ver, on 
the price of power and the cost of deve opment 
The extra cross-sectional area required with 


nm = 0.017 would be about one-third more than 
with nm = 0.012 for a tunnel with a carrying 
capacity of 300 sec.-ft. of water. 

Next to the tunnel a concrete pipe line com- 
pletely buried is the safest kind of conduit. I; 
made of proper material it should last as long 
as the tunnel, in other words, the depreciatio: 
and maintenance cost is very small. The cost 
of building it would be about twice the cost of 
building a ditch or flume, and half the cost of 
building a tunnel, per lineal foot. The tunne! 
however, makes short cuts and therefore may 
compare favorably with the concrete pipe line in 
eost. If depreciation and maintenance are taken 
into consideration, a ditch-and-flume conduit 
will not show up much better than the concrete 
Pipe line in cost, and where reliability of service 
is essential it is not to be considered. 

For economy of water, the system of tunnels 
and flow-pipes should be a closed one, in order 
to increase the average head. At light load we 
would have nearly the full static head, and at 
all loads up to the full we would have some 
pressure in all parts of the conduit. The fiat, 
upper part of the pipe line should be so de 
signed and installed as to become a gravity 
condu& only when carrying water sufficient to 
develop maximum power output at the power- 
house, 

Besides the increase in average head, another 
advantage of a closed conduit lies in the fact 
that the wheels draw water directly from the 
point of diversion, and, in case the conduit is 
provided with a small secondary reservoir at the 
beginning of the pressure pipe proper, this reser- 
voir acting as a stand-pipe, the closed conduit 
has no disadvantages. However, the gravity 
portion of the conduit should be continuous with 
the pressure portion, to avoid loss in head by re 
acceleration of the water; the secondary reser- 
voir, therefore, should be connected to the main 
conduit by a tee and a short piece of pipe. In 
this way the secondary reservoir will «ai the 
same time act as a differential surge pip 

THE ACTUAL CASE.—The consideration just 
stated, when applied to’ the actual cass dis- 
cussed in the following, led to the adoption of 
a closed conduit consisting of buried concrete 
flow-pipe and rock-tunnel pressure pijc. 38 
shown in diagram by Fig. 1. The static head 
at the wheels is 1,104 ft. 

THE FLOW-PIPE.—The gravity flow-)ipe !s 
40,000 ft. long and has to carry a maximum 
flow of 200 sec.-ft. of water. It consists of 4 
6-ft. reinforced-concrete pipe, for the «reatest 
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part the length, and short connecting tunnels. 
The ain consideration for determining the 
dian or of the pipe was that the average loss 
of | d should not exceed 6% for the whole 
con ‘. With 200 sec.-ft. flowing in a_ 6-ft. 
pipe .¢ velocity is 200 -- 28.2743 = 7.07 ft. per 
sec. The loss in head is found as the slope s 
mt. formula Q = 200= AC Vrs. The value 
of | O VF from Kutter’s formula tables, for 
a 6 (|. pipe with m = 0.012 is 4713.9; therefore 
200 - 4718.9 V 8, or V & = 0.0424, which corre- 
spo: 's to a slope of 9.5 ft. per mile. Then the 
tota. loss in head in 40,000 ft., or 7.6 mi., is 
equa! to 7.6 x 9.5 = 72.2 ft., or 6.54% of 1,104 ft. 
T average loss of head should amount to 
about 5% for this part of the conduit, or 7.28 
ft, ver mile, which corresponds to a discharge 
of .pproximately 175 sec.-ft. 

T secondary reservoir built at the entrance 
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and the spacing for 25-ft. head is found to be 
12 ins. for a unit-stress of 12,000 lbs. The ten- 
sion-in the concrete without reinforcement would 
be % x 72 x 10.82 ~ 6 = 65 Ibs. per sq. in., so 
that there would be a factor of safety without 
reinforcement probably between two and three. 
Possibly thé unit stress in the steel could have 
been raised to 16,000 lbs. per sq. in. in this case, 
but to insure water-tightness the lower value is 
used, the spacing distance being already large. 
For 50-ft. head the spacing distance will be 
half its value at 25-ft. head, or 6 ins. For 
longitudinal reinforcement eight %-in. square 
rods are used. The shape of the pipe is such 
as to offer the greatest resistance against the 
earth pressure with a minimum amount of ma- 
terial. 


The cost of this pipe (not including excavating 
and back-filling), with concrete at $12 per cu. yd. 










FIG. 1. PROFILE OF EIGHT-MILE CONDUIT COMPRISING CONCRETE FLOW-PIPE AND IN- 
CLINED TUNNEL PRESSURE-PIPE. 


to the pressure-pipe proper is big enough to take 
care of one day’s fluctuation, which may vary 
from 100 sec.-ft. to 250 sec.-ft. The supply is 
nearly constant, varying slightly with changes 
in water levels in primary and secondary reser- 
voir. 

The flow-pipe was given a_ slope of 8 ft. to 
the mile. With 200 sec.-ft. flowing, which we 
may have in emergency cases, a head at the 
entrance of 1.5 x 7.6 = 11.4 ft. would be neces- 
sary to force the full quantity through. With 
175 sec.-ft. flowing no head at the entrance is 
required, the slope per mile required for this 
volume being 7.28 ft. per mile. The conduit 
takes the water from a small main reservoir, 
whose dam is 30 ft. high. The center line of 
the comduit is located 25 ft. below the top of 
the dam. This reservoir being kept practically 
full of water all the time, the head above the 
center line of the conduit will always exceed the 
necessary 11.4 ft. 

The maximum head at the entrance is 25 ft. 
With a slope of 8 ft. per mile the maximum 
possible head at the end of the flow-conduit 
would therefore be 25 plus 8 x 7.6, or 85.8 ft. 
With water flowing at the rate of 175 sec.-ft. 
we have a pressure at the end of the flow-pipe 
due to the static head minus the friction head, 
or 85.8 less 7.28 x 7.6, which equals 30.5 ft. It 
would hardly be safe to use this pressure-head 
for the pipe calculation, as it is variable, but 
some pressure-head between this and the full 
static head must be chosen, say 50 ft. The cor- 
responding pressure per square inch is 21.65 Ibs. 
To guard against the possibility of the head 
ever becoming greater than 50 ft., the secondary 
reservoir is provided with an overflow at an ele- 
vation of 50 ft. above the center line of conduit 
at this reservoir. This brings the surface level 
of the secondary reservoir 35.8 ft. below the sur- 
face level of main reservoir. 

With but little water flowing the friction-head 
May be less than this 35.8 ft., in which case 
head would have to be. wasted by throttling the 
entrance gates or otherwise. In the case in 
question, however, this condition would never 
take place, as the water is to be used for irri- 
gation after it leaves the power-house, and a 
certain amount must be kept flowing regardless 
of what is demanded for power. 

The design of the flow-pipe is shown by Fig. 2. 
The pipe is reinforced with steel to resist the 
Outward water-pressure. For the circular rein- 
forcement 5-im. square twisted steel is used 


in place, and steel at 6 cts. per Ib. in place, 
would be: 

For 25-ft. head: 12 cu. ft. concrete, 37.7 Ibs. 
steel, = $7.60. 

For 50-ft. head: 12 cu. ft. concrete, 64.8 Ibs. 
steel = $9.21. 

From a table of pipe costs at different heads, 
the actual location of the same is best deter- 
mined; that is, the table will show whether 
it pays to cross a canyon by an inverted siphon, 
or stay on grade along the hillside. 

THE PRESSURE CONDUIT.—The pressure 
conduit proper leads from the secondary reser- 
voir to the powerhouse. Two schemes were con- 
sidered separately to find out the most econom- 
ical way of constructing this conduit: (1) A 
tunnel 1,600 ft. in length through the mountain 
here, and two steel pipes down the hill; (2) An 
inclined tunnel 3,900 ft. in length to the power- 
house level and a nearly horizontal tunnel for 


Fig. 3 is a cross-section of the tunnel. As the 
layer of rock above tunnel decreases from say 
200 ft. to nothing, the plate thickness is in- 
oreased from \%-in. to the full thickness neces 
sary for withstanding the pressure above. At 
the same time the diameter is decreased to keep 
within practical plate dimensions, the least di- 
ameter being 4 ft. 4 ins. With a tensile stress 
of 12,000 Ibs. per sq. in., 80% joint efficiency 
and (1,104 — 35.8) = 1,068.2 ft. static head, a 
plate thickness of 1%-in. is required. 

If the tunnel is not in solid rock, the heavy 
steel to withstand full pressure would have to 
be used. And precautions would have to be 
taken to be certain that no large hydrostatic 
pressure could be applied to the outside of the 
pipe when empty. 

The maximum capacity of the pressure tunne! 
from secondary reservoir to powerhouse is 250 
sec.-ft., with an estimated loss in head of 14 
ft.. or 131% of the head of 1,068.2 ft. The 
estimated average loss is 7.5 ft., or 0.7%, with 
175 sec.-ft. flowing. 

In order to find the effective head for which 
the water-wheels should be designed, we must 
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first find the average elevation of water level 
in the secondary reservoir. With 175 sec.-ft. 
in the flow-pipe we have a drop of 55.3 ft., and 
if we make the assumption that the average 
water level in the main reservoir is 10 ft. below 
the top we have the average water level in the 
secondary reservoir 65.3 ft. below the top of 
the main dam. Adding to this 7.5 ft. head lost 
in the pressure-pipe, the effective head is found 
to be 1,104 — 72.8 = 1,031.2 ft. 

Any small errors in the calculations and dif- 
ferent assumptions can be cerrected afterwards 
by changing the size of secondary reservoir. 
This reservoir cuts down the fluctuations in 
head due to friction loss in the flow-pipe from 
72.2 ft. to 55.3 ft., and also cuts down its size, 
as the velocity of flow is high and nearly con- 
stant so that the pipe is worked close to maxi- 
mum efficiency. The secondary reservoir also 
cuts down the maximum’ static head on the 
pressure pipe, in this 
case by 35.8 ft., without 
cutting down the effect- 
ive head on the wheels; 
in fact it increases this 
head. 


4d Tite Drain The total loss of head 





with 175 sec.-ft. flowing, 
62.8 ft., is equivalent to 
88 HP. at the switch 
board. For economy the 
value of the energy an- 
nually lost in frictional 
resistance is approxi- 
mately equal to four- 
tenths of the annual 
cost of the pipe line,* 


Fig. 2. Typical Section of Flow-Pipe Fig. 3. Section of Upper Part of this annual cost being 


(Pipe Completely Buried). 


the rest of the distance, the horizontal portion 
and the lower portion of the incline to be lined 
with steel, as might be determined later by ex- 
amining the quality of the rock. 

With steel at $200 per ton in place, tunneling 
at $20 per lineal foot, and the concrete back- 
filling (between steel lining and tunnel walls) 
at $12 per cubic yard, the cost of the inclined 
tunnel was found to be only half the cost of the 
other scheme. This saving is due to the fact 
that in the inclined tunnel the rock itself takes 
up the tension due to the water pressure, the up- 
per part having a thin steel lining only for water- 
tightness where the rock is not absolutely solid. 


Pressure Tunnel. 


taken as 7.5% of the 
first cost. Thus with 
power at $20 per year 855 x 20 should be equal 
to 0.4 x 7.5/100 of the cost of the conduit, 1. e., 
flow-pipe and pressure pipe. That is, $17,700 
should equal approximately 0.4 x 7.5/100 (496,- 
000 + $120,000), or $18,480, which checks very 
well. 

Had an open gravity conduit been chosen, 
either flume or ditch, in connection with short 
pieces of tunnel, the same slope of 7.28 ft. per 
mile could have been used. In this case the 
highest possible water level in the secondary 
reservoir would be on the flume grade at this 
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point, or 65.3 ft. below the crest of main dam, 
since the flume grade would be started 10 ft. 
below the crest of the main dam in order to be 
able to use this reservoir for regulation to some 
extent. How much lower the average water 
level in the secondary reservoir would be will 
depend upon its size, its shape (whether deep or 
shallow), and the load fluctuations. It might 
easily be 20 ft. lower, which would represent 
an average loss of 270 HP. at the switchboard. 
Besides this disadvantage, the open conduit 
does not allow any entrance head to force water 
through it; whatever entrance head may exist 
must be wasted in the outlet gates. Such an 
open conduit must, of course, be built for the 
maximum capacity at the chosen grade. 

COST COMPARISON OF emai 44 PIPE, TIMBER 

FLUME AND WOOD STAV PIPE. 
FIRST COST. 
Reinforced-Concrete Pipe 


40,000 ft. of reinforced- concrete pipe for ae 
from 25 ft. to 50 ft., average cost per lin. 





% (7.00 + 9.21) = $8.40 Len é¢eaew ene eas exh oem * $336,000 
Excavating and backfilling (pipe completely 

pepied), $6 er UM. Th... 652 2 0s cvepneg ces bee 160,000 

NE os SV eaizes Sd pecdeeshdowyetevikée . .8496,000 


Timber Flume: 
40,000 ft. wooden flume, with a carrying capacity of 








200 sec-ft., at $5. ee ee arrer er ,000 
Excavating and grading, $1 per lin. ft.......... “40000 
Total .. Ped SESE ide ete 
Wood Stave ‘Pipe: 
40,000 ft. of wood stave pipe 6 ft. in diameter, 
average cost per lin. ft., $6.50............+- $260,000 
Excavating, 50 cts. per lin. f€.........-.eceeeee 20,000 
NN oi oo ee Cis on w WE Xb ia dgne Wen WS FN ewe $280,000 
ANNUAL COST. 
Rateterent Ceara Pipe: 
Maintenance, 1% of $496,000............---0565 $4,960 
Depreciation, %% of $336,000...............0655 ,68 
Interest and taxes, 6% of $496,000.............. 29,760 
EE = Se yc owed sca eCWe ech utsekeone $36,400 
Timber Flume: 
Maintenance, 4% of e000 setincdntaahip-n tgtadcdtieaeieanies $10,400 
Depreciation, 4% of $220,000.............0e-eee- ,800 
Interest and taxes, 6% of BRONSON: os oe tises FIV 15,600 
WA 8s ne eaak ences chee an heeeada ste $34,800 
Wood Stave Pipe: 
Maintenance, 4% of $280,000..............+.-. $11,200 
Depreciation, 4% of $260,000..........-...0505s . 
Interest and taxes, 6% of $280,000.............. 16,800 
NE ares TASS Fin a vo enh 2s ee oe ; $38, 400 


COST OF THE DIFFERENT TYPES OF 
CONDUIT.—From the calculations of cost tabu- 
lated below it will be seen that the reinforced- 
concrete pipe requires a capital outlay nearly 
twice as great as the two other kinds of con- 
duit, but that its yearly cost is about the same. 

To choose correct average values for the de- 
preciation and maintenance of flumes and wood 
stave pipes is exceedingly difficult. On power 


systems examples can be found of great vari-° 


ations in length of life of flumes and wood stave 
pipes: 

1. At one powerhouse two wood stave pres- 
sure pipes 6 ft. in diameter, under 88 ft. maxi- 
mum head, are used to carry water from the 
penstock to the turbines. These pipes are laid 
on top of the ground and are half surrounded 
with stone spalls. They have been in use for 
nearly ten years and are apparently in good 
condition and able to give another ten years of 
service. 

2. The wooden flume carrying water from the 
diverting dam to the penstock is also ten years 
old, but is decayed to such an extent that it 
must be rebuilt entirely within the next four 
years, The maintenance charges are now heavy. 

3. At another powerhouse two wood stave 
pressure pipes (red-wood) 5% ft. in diameter, 
under 84 ft. maximum head, were installed 
three years ago; they are buried in clayish soil. 
Considerable vegetable matter has been allowed 
to grow along the line and@ the pipes have de- 
cayed in places to a considerable extent. 

Where the country is adapted for ditch con- 
struction, ditches will be the cheapest, as de- 
preciation is practically zero, and maintenance 
cost is lower than for flumes. We would have 
an additional loss of 270 HP. as compared with 
a closed conduit, provided a secondary reser- 
voir is used; otherwise all conduits would be 
practically alike as far as hydraulic loss is 
concerned. 

The concrete pipe can be completely buried 
and is therefore protected against snow and 
rolling boulders. The wood stave pipe should 
not be buried, and therefore lacks this protec- 
tion. Nowadays the hydraulic conduit is the 


weakest link in a hydraulic power proposition, 
as, for financial reasons, it cannot be built in 
duplicate; therefore, the safest kind for the given 
case should be used. 





Traveling Concrete Mixers. 


A traveling concrete mixer which combines the 
functions of a mixer and a wagon is one of the 
recent developments in concrete machinery, and 
several of the machines are in use. The con- 
struction is shown by the drawings, Fig. 1, while 
Fig. 2 shows one of the machines in service. 

A horizontal frame (A), forked or V-shaped 
in plan, has an axle and a pair of 36-in. wheels 
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able for jobs where the installation of a 
mixer and its equipment of wheelbarrow: ; 
ing planks, etc., would be inconvenient, 
be the case in laying the concrete for « 
foundation. It is also of advantage fo) 
jobs, where the transportation and set; 
of a power mixer and its equipment wo 
volve an expense out of proportion to ¢} 
of the work, besides requiring a larger ; 
of men than is required with the tr 
mixer. It has been used, however, on | 
varying size, for street work, buildings, 
is the invention of Mr. S. N. Cornwall, P 
and General Manager of the U. S. Stee! 
Co., Atwood Building, Chicago. 

In its general features the machine is ; 
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FIG. 1. A TRAVELING CONCRETE MIXER. U. S. STEEL MIXER CO., CHICAGO; MAKERS. 


at the rear end, while the front end is supported 
by a single 1ll-in. wheel. To this end is fitted 
the tongue for a team of horses. On each side 
is a standard (B) carrying the bearings for the 
trunnions of a mixer of the cubical box type, 
having a capacity of %-yd. or %-yd. Each 
trunnion has keyed upon it a 23-in. spur wheel 
(C) gearing with a wheel of the same size (D) 
on the carrying axle; the latter wheels can be 
connected to or disconnected from the axle by 
means of a clutch. On one side is a 16-gallon 
water tank, connected to a _ perforated pipe 
which passes through the hollow trunnions and 
extends across the mixer box. The ends of the 
pipe are plugged, and the receiving end has an 
iron sleeve to carry any leakage clear of the 
gearing. A glass water gage on the 
tank is graduated to show the amount 


toia traveling mixer brought out some years ago 
by Fisher & Saxton, of Washington, D. C. This 
earlier machine, which was described and illus- 
trated in our issue of Sept. 6, 1900, had no gear- 
ing, but its mixer was a cylindrical drum which 
was mounted on the axle and could be connected 
to the wheels so as to revolve with them. The 
drum had a door for filling, and was dumped by 
opening the drum across its horizontal diameter, 
and swinging the lower half to an inverted posi 
tion. Only one horse was used. 

Another horse-traction concrete mixer, built 
by the Burrell Mfg. Co., of Bradley, IIl., has a 
horizontal cylindrical drum driven from the car- 
rying wheels by means of a ratchet and differ- 
ential gear. The drum is 3% ft. diameter and 





of water required for each batch. The 
door of the box is so arranged that the 
mixer can be filled to 80% of its full 
capacity. The total weight of the ma- 
chine is about 1,400 Ibs. 

The machine is charged at the point 
where the raw materials are delivered, 
the door is closed and latched, the 
clutch is thrown in, the valve on the 
water pipe is opened and the driver 
starts the team. The mixer box makes 
about 11 revolutions in each 102 ft. of 
travel. At the point of delivery, the 
door is unlatched and the concrete 
dumped, either in place (as for street 
work) or into wheelbarrows. The clutch 
is then disconnected, and the machine 
returns empty, with the mixer standing 
still. About five men are required; one 
with the machine, two at the charging 
point to prepare the materials and fill 
the mixer, and two at the delivery 
point to dump and spread the concrete. 











One of the advantages claimed FIG, 2, THE TRAVELING CONCRETE MIXER IN SERVICE. 


is in the small number of men 
required and the large amount of concrete 
delivered per man per day, this aver- 
aging about 10 cu. yds. for a 10-hour day. To 
facilitate charging, the materials are shoveled 
into measuring hods, which are quickly dumped 
into the mixer. Another advantage is that there 
is no handling of the raw materials by wheel- 
barrows to charge the mixer, and in many cases 
(as on street work) no handling of the concrete 
by wheelbarrows to distribute it in place. 

The machine is considered to be specially suit- 


4% ft. long, with a capacity of 10 cu. ft. Its 
shell is spirally formed so as to give a |! ngi- 
tudinal slot or opening 7 ins. wide for locding 
and dumping; in this way it distributes the ©°2- 
crete over a width of 4% ft. The makers «te 
that one machine, handling 7-yd. batches will 
mix and distribute 155 cu. “yds. in a 1 hour 
day, or 310 sq. yds. of 6-in. street found: 
The machine weighs 1,800 Ibs. and is hand = >Y 
two horses. 
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A very curious accident occurred recently at 
the noted Y-bridge over the Fraser River, New 
Westminster, B. C. It emphasizes the well- 
recognized fact that switches and similar weak 
points in track should be avoided on a bridge 
structure. We noted the accident briefly in our 
record of the week’s railway accidents, June 24, 
but together with fuller facts sent us since then 
by a Puget Sound correspondent the case merits 
repeating. 

The north end of the Fraser River bridge* is 
forked or spread, to accommodate two diverging 
tracks. The northerly span, 225 ft. long, has 
two trusses, spaced 19 ft. apart at the river end 
and 136 ft. apart at the land end; the floor- 
beams, plate-girders, vary in span to suit the 
distance between trusses, The lower lateral 
system of this span is not continuous, but dis- 
tributed so as to stiffen both the trusses and the 
floorbeams sufficiently. There is an upper deck 
for highway use, which does not concern us, The 
lower deck of the bridge carries a single track 
which at the narrow end of the spread span 
branches to east and west. The diverging tracks 
are on sharp curves. 

The accident occurred at the switch where the 
single track branches. A westbound Great 
Northern train on its way to Vancouver crossed 
the bridge at about 6 a. m., June 22. It should 
have turned off on the right-hand branch, the 
left-hand branch being the route of an electric 
car line. Reports say that the switch was 
“open,” or “misplaced”; at any rate the locomo-— 
tive was derailed at the point of divergence and 
continued ahead in a straight line, and, as the 
flooring diverged away to either side, fell through 
the open space between floorbeams and laterals. 
As it broke away from the train, the air-brakes 
went into action and held the rest of the train 
in safety, but the engine with its crew disap- 
peared in deep water. 

Reports speak of the “watchman” failing to 
Notice the condition of the switch. If a switch 
is a weak point in railway track, it would of 
cours: be better to avoid switches altogether 


“Sh ‘lustrated description of the structure appeared 
in our ‘ssues of June 15 and 22, 1905. 





in such specially hazardous locations as on 
bridge track. This is not always possible; both 
viaducts and river bridges frequently must have 
turnouts, cross-overs, or the like. But in such 
cases, we hold, the very best protection avail- 
able should be provided at these points. Auto- 
matic switch-protection apparatus of the highly- 
developed types now current, which have proved 
their serviceability in complex, heavy terminal 
service, should by all means find application 
there. The insufficiency of watchman protec- 
tion, as compared with automatic protection, 
was shown for example by the disastrous Thor- 
oughfare Draw wreck of the Pennsylvania R. R. 
at Atlantic City a few years ago. 


a 


The crude ideas on municipal health-protective 
work still held in many parts of the country are 
well illustrated by the spasmodic campaigns for 
a@ general clean-up of dirt and litter which are 
reported from various quarters. When the dirt 
in streets, back yards and cellars gets so deep 
as to be a serious impediment to locomotion and 
the air is so filled with fragments of flaring 
metropolitan Sunday newspapers and scraps of 
building paper that the inhabitants have diffi- 
culty in spying on their neighbors, then some 
amateur board of trade or some woman’s club 
enlists the local weeklies in a grand cleaning-up 
campaign. 

The only fault to be found with these clean- 
ups is that they are too infrequent and that they 
serve to lull into a false sense of security sani- 
tary consciences already far too dull. The clean- 
up campaigners, the local press and the public all 
make much of the beneficial effect of a yearly 
dirt removal on the public health. As a matter 
of fact, these clean-ups, even if far more fre- 
quent, have little effect on general health and 
still less on the prevalence and spread of specific 
infectious diseases. Furthermore, spasmodic dirt 
removals may do very positive harm when 
held up. to the public, as they generally 
are, as highly beneficial sanitary measures. In 
such cases, attention is diverted from instead of 
directed to -the real health-protective work 
needed in the community, which is the constant, 
never-relaxing watch set over all of the avenues 
by which infectious diseases spread from one 
person to another. The most important of these 
are the public water and milk supplies and direct 
and indirect personal contact between sufferers 
and non-sufferers from cummunicable diseases. 
The control of the spread of disease from one 
person to another demands a judicious isolation 
of patients suffering from some of those diseases 
and the disinfection of their clothing and other 
articles of use, as well as the rooms which they 
have occupied during illness. All these safe- 
guards—sanitary control of milk and water sup- 
plies and of infected persons and things—are 
generally sadly lacking in villages, towns, most 
smaller and many fair-sized cities; and par- 
ticularly so in those which rely upon spasmodic 
clean-ups for the removal of ordinary dirt and 
rubbish. 

Promptings for the foregoing remarks origi- 
nated in glowing statements regarding a “grand 
clean-up recently organized in a small city of 
the South. We have since been somewhat puz- 
zled by announcements of a “Clean City Day” for 
no less large and proud an American city than 
Pittsburg, Pa. After due advertisement, the day 
came and, it appears, proved so utterly insuffi- 
cient a period that it had to be extended to six. 
During this week it is reported that some 30,- 
000,000 Ibs. (some people and cities like big num- 
bers even if small units have to be chosen to 
make them up) of dirt were removed, largely 
from cellars and yards. 

One would have supposed that so large and 
generally progressive a city as Pittsburg would 
not require a clean-up day—much less a whole 
week—in this year 1909. The facts seem to be, 
however, that Pittsburg, with its enormous 
growth in polyglot population, has not been able 
to keep pace with all its municipal needs. It 
must be credited for giving first attention, after 
long and seemingly inexcusable delays, to se- 
curing a pure water-supply and to carrying on 
many health-protective efforts, through its 





health department, that are of infinitely more 
importance than transferring ordinary dirt from 
yards to dumps. 

In the present unfortunate state of public ig- 
norance as to what is most vital to municipal] 
health there is some excuse for making a flour- 
ish of trumpets in an occasional anti-dirt cam- 
paign. Dirt piles and rubbish heaps are some- 
thing tangible and some of them may be actual 
sources of infection. Creating a sentiment 
against accumulations of dirt or arousing feel- 
ings perhaps long dormant, opens the way for 
campaigns against less tangible but more dan- 
gerous enemies to the public health. Therefore 
special municipal and private house-cleaning 
days should be encouraged, in the hope that 
they will lead to a state of continuous cleaning 
and permanent cleanliness and from this on to 
still more important and efficient health-protec- 
tive measures. 

EE CARER. let Ce 

Why do not railways put the names of their 
stations in a place where they can be seen by 
the average passenger on a passing train? In 
the vast majority of towns and smaller cities in 
this country the name on the railroad station is 
at one of two places, either hanging from the 
track edge of the station roof some few inches 
from the roof of a car on the near track and 
therefore absolutely obscured from the eye of 
the passenger, or else on the end of the station 
platform where only those in the front or rear 
cars may see it, and then only when the train 
is stopped. In a number of cases, especially in 
the larger cities, there are no signs at all. 

Obviously those familiar with the place do not 
need such signs; they are only for the benefit of 
the stranger who, as a rule, is on the incoming 
or passing train when he needs them most. It 
would seem, then, to be the duty of the railway 
to make recognition easy for this stranger. In 
addition the advertising value of well-placed 
signs should commend itself to the business men 
of the city. A large sign well back from the 
tracks might often serve to mark the name on 
a passenger’s mind to the ultimate benefit of a 
town which unmarked would have been to the 
passenger a mere collection of houses and 
streets, soon to fade from memory, or never to 
be recalled to any useful purpose. 


2 
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Ve had occasion last week to speak against the 
inactivity of certain technical societies in the 
matter of recognizing concretely the public duty 
of the profession toward the public. The Amer- 
ican Institute of Architects and the American So- 
ciety of Civil Engineers were mentioned specifi- 
cally. An incident of the past week reminds us, 
however, that the Architects on many occasions 
have been quite prompt and energetic in making 
appearance for their professional interests be- 
fore the public, before law-making or judicial 
bodies, and the like. 

The building superintendent of one of the bor- 
oughs of New York City was summarily dis- 
missed by his superior, the Borough President, 
for a trivial reason. The superintendent had just 
suspended one of his subordinates who, it later 
developed, was a special protégé of the Borough 
President. The latter official (elected by the 
people) was himself under investigation, and 
some of the testimony indicates that he lorded 
it over the Building Superintendent's office as 
his special preserve, naming its subordinate ap- 
pointees and virtually putting them over the head 
of the Superintendent. In the case of so impor- 
tant a department as that of building supervision 
these are obviously menacing conditions, quite 
apart from any question of the character or fit- 
ness of the superintendent himself. But it seems 
also that the latter was fairly efficient and well- 
behaved. At least this is the expressed opinion 
of the local chapter of the American Institute of 
Architects. That body felt its professional in- 
terests injured by the abrupt dismissal of the 
Superintendent of Buildings, especially under 
the suspicious circumstances of the case. It, 
therefore, made an official written protest against 
the removal, which spoke of the satisfactory re- 
lations between the local architects and the sup- 
erintendent’s office. 
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Official and authoritative action of this kind Is 
of great weight. Public approval and criticism, 
and (in certain cases) disinterested expert advice 
from public bodies, are very powerful regulators 
of political life. The architectural organizations 
have been fairly vigilant in doing their part of 
the citizen's duty in this direction. The above 
little incident, together with many previous pub- 
lic appearances made by such bodies, illustrates 
this, and leads us to withdraw in part the im- 
plied criticism contained in our remarks on the 
defeat of the threatened new New York Build- 
ing Code, in our last issue. 

As against the Civil Engineers, however, our 
criticism gains in force. When we see that other 
technical professions are active to defend their 
interests as professional men and as citizens, we 
must wonder at the almost total silence and in- 
activity of engineering societies. Yet their work 
and their knowledge and interests touch the 
public interest at a far greater number of points 
than do those of the architects. Under the cir- 
cumstances, one is tempted to accept the oft-re- 
peated complaint that engineers are delinquent 
in citizenship, and that an awakening is neces- 
sary to stir them into action. 





Elastic Limit or Yield-Point as Guide for 
Working-Stresses? 

What value has the limit of proportional defor- 
mation, the “true elastic limit,” of any material 
to the engineer or designer who has to deal with 
that material? The question is serious rather than 
trivial, since it concerns a respectable fraction— 
10 to 20%, and in some exceptional cases 
much more—of the total utilizable strength of 
material. There is little or no experimental 
evidence to answer it definitely, or at least there 
has been no full analysis of the available ex- 
perimental data. The prevailing tendency is to 
regard the “true elastic limit’ as the ultimate 
limit of safe stress, but this view seems to have 
come into being somewhat surreptitiously and not 
by actual proof of fact. 

We may call to mind in this connection that, 
after a persistent campaign by the small band 
of laboratory investigators of materials, fairly 
general acceptance has been secured for the 
term Yield-point in place of the old term Elastic 
Limit, In tests of wrought-iron and ordinary steels, 
the point at which the scale-beam drops and 
cannot easily be held in balance is now called 
Yield-point, and we have relegated the name 
Elastic Limit to another and lower stress, Thus, 
in a given test the drop-of-beam or the sharp 
bend*of the strain diagram may be found at a 
load of 32,000 Ibs. per sq. in., while the first 
curving away from a straight line may occur at 
perhaps 26,000 or 27,000 lbs. per sq. in.; this 
latter point we now call the elastic limit. 

For many years past, increasing importance 
has been attached to the elastic limit as a guid- 
ing-point in fixing permissible stress-intensities. 
In an earlier period the ultimate strength was 
the sole criterion of safety. But after a time 
it was recognized that most structures would be 
virtually wrecked, and some would collapse al- 
together, when any of their parts was stressed 
enough to give it a perceptible, lasting stretch. 
Thereupon the Limit of Elasticity came more into 
notice as a guiding-point. . 

Furthermore, ingenious and patient tests of 
metals under oft-repeated loading gave a distinct 
hint that actual rupture is liable to occur even 
at stresses far below the “ultimate strength,’ if 
the stress be released and repeated many times. 
And it seemed that this effect would occur in 
time under any stress beyond the limit of elas- 
ticity; i. e.,, under any stress which, acting once 
only, produces a permanent set. This conclusion 
is still accepted in full, although the early name 
of “fatigue” is no longer in favor. 

Thus it became common practice, in time, to 
judge stress-intensities by the elastic limit of 
the material instead of by its ultimate strength. 
At this time, however, most people thought only 
of that limit which we now prefer to call the 
yield-point, in other words the load at which the 
knee of the stress-strain curve appears or where 
the scale-beam of the testing-machine drops. In 





fact, this point was generally considered to be 
the limit of perfectly elastic behavior, the point 
up to which the distortions remain exactly pro- 
portional to the applied loads and no distortions 
are produced which do not disappear on removal 
of load. The principle that the safety of any 
given loading must be judged by the elastic limit 
of the material was taken to refer to this point. 
However, a number of laboratory investigators 
knew well, through all this time, that the exact 
proportionality of distortion to load ceases be- 
fore the drop-of-beam load is reached. And some 
of them, we believe, early claimed that this 
lower point, the true limit of proportional defor- 
mation, should be the guide in judging stress- 
intensities. 

In the more recent transition from “elastic 
limit” to “yield-point,” and the adoption of the 
name “elastic limit’ for the lower figure (where 
the stress-strain line first begins to curve), this 
latter view has also come to wider acceptance. 
There has been a growing tendency to take away 
from the yield-point every vestige of importance, 
transferring all its functions to the “true elastic 
limit.” To-day the prevailing view is that the 
“true elastic limit” is the virtual limit of strength 
of a material, and that a working-stress of 16,000 
lbs., on steel whose yield-point is at 32,000 and 
limit of proportionality near 27,000 Ibs. per sq. 
in., leaves us a safety-margin of only 11,000 
instead of 16,000; in other words, that the factor 
of safety is only 1.7 instead of 2.0. 

In so far as this belief leads to more conser- 
vative stress-intensities, it is perhaps a useful 
belief. Many things are constantly exerting 
pressure to raise the allowable stress figures, and 
few tendencies act in the other direction. It may 
be harmless, then, to accept an argument whose 
effect is to hold down the limits of stress and 
prevent their further rise—for in some fields of 
construction they have risen continuously. But 
this is at best a plea, rather than an argument. 
It does not bear on the question of fact. 

It seems to us that the shift of attention from 
the former Limit of Elasticity or the yield-point 
to the present elastic limit has gone along with 
too much tacit acceptance and without sufficiently 
rigid question as to the real meaning of these 
two points. Though there was much opposition 
to adopting the new term yield-point, it was a 
quarrel over names only, and when the progress 
of time and the influence of technical schools 
brought the new terminology into the ascendant, 
the opposition weakened and stopped. The real 
point at issue, namely, whether—conceding its 
existence—the limit of proportionality or “true 
elastic limit’ is after all a point of much im- 
portance, has remained practically undiscussed. 
The question merits discussion, we submit. 


The question may be put thus: Is material per- 
manently injured by a stress beyond the limit of 
proportionality; or, better, What is the minimum 
stress at which material suffers permanent in- 
jury? The question looks simple, but it seems 
to us rather complex, even when restricted to 
ordinary steels and wrought-iron, without refer- 
ence to the larger class of materials where no 
“limit of proportionality” can be fixed. We would 
resolve it into three simpler questions, and ask 
answer to them: 


First: Does permanent set begin at the same 
load as marks the end of strict proportionality 
of deformation? An affirmative answer to this is 
probable, or plausible, but not at all obviously 
necessary. The two points in question are rather 
delicate of determination, and therefore the ac- 
curacy of the experimental results cannot be 
very high. If in reality they always lie near to- 
gether, the experimenter might easily be led to 
conclude that they actually coincide. But the 
records of experiment are quite erratic. 


Second: Is the limit of plastic recovery iden- 
tical with the limit of elastic recovery? The 
point of first permanent set as determined in 
the testing-machine is that at which the ma- 
terial does not promptly return to its initial di- 
mensions, Most materials, however, have some 
slight power of slow recovery, or plastic elas- 
ticity. It is quite possible that the initial frac- 
tion of the “permanent set” ordinarily deter- 
mined is not lasting, but will disappear after a 
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time of rest. If this be the case, such te ; rary 
set should probably not be regarded as >: nent 


injury of the material, at least for som: 
of service. 

Third: As to the limit of endurance , 
peated stress, where is this located wit 
ence to the other “elastic limits” of the rial, 
Let us assume, for example, in the at r 
proof of the opposite, that the severs nt 
above referred to are all different: (a) 
proportionality, (b) limit of immediate « 
(c) limit of plastic elasticity, and (d) yi 
Then we ought to find out which of these in; 
if any, determines the limiting load fo) ] 
ance under continuously repeated loadi In 
those kinds of service where the materi: 
posed to rapidly repeated applications o: 
this last is the real point of importanc ;; 
“permanent injury,” or weakening, is m..: ac 
curately defined as a condition which rend «< the 
material less able to resist a repetition (0: any 
repetitions) of the same stress. 

When these questions are answered, will 
know whether it is proper to regard the “true 
elastic limit” as the gage-point in fixing work- 
ing-stresses. Until then, however, this at present 
popular view must seem rather unwarrinted. 
It may be conceded that in some kinds of siruc- 
ture, as in long columns, the limit of proportion- 
ality of the material is highly important, because 
a change of elastic modulus occurs at this point 
and as a result the distribution of stresses, etc., 
is altered. But for general use this consideration 
does not enter, and here, until proof of the oppo- 
site is at hand, our own judgment leads us to 
attach chief importance to the “yield-point,” as 
was done formerly. 


LETTERS TO THE EDITOR. 
The Action of Smoke-Gases on Setting Concrete. 


Sir: I note in your issue of July 22, p. 102, an article 
on disintegration of fresh cement floor surfaces by the 
action of smoke-gases at low’temperatures, by Mr. White 

He cites the case of a thick layer of dust on the sur- 
face of the cement finish, using granite. He wil! get the 
same results under the conditions he notes with or with- 
out the smoke. The reason, as the writer looks at it 
is as follows: At lower temperatures the cement sets 
slowly. It is necessary to wait six or eight hours be- 
fore the polishers can finish up the wet mix top coat; 
result, the cement has partially obtained its initial set, 
the finish breaks it up, injures the cement, brings to the 
surface the feld-spar dust and it never hardens but 
leaves a thick coating of dust. Carbon dioxide, so far 
from injurfhg the cement in setting, seems to improve 
it, as far as the writer’s experience goes in observing 
hardening of concrete where artificial heat has been 
supplied by salamanders using coke, the gas and smoke 
being so thick that it would not be safe for a man to 
remain long exposed to it. 

The trouble with the finish coat referred to in the 
article appears to the writer to have been largely a mat- 
ter of inexperience in handling the concrete. 

Yours truly, C. A. P. Turner. 

*Phoenix Bldg.,; Minneapolis, Minn., July 24, 1909. 


The Early History of the Chicago Drainage Canal 
and Present-Day Justification for Sewage 
Disposal by Dilution. 

Sir: In your editorial remarks on the interesting 
story of the Chicago Drainage Canal told by Mr. Isham 
Randolph, Chief Engineer during the most important 
period of the construction, you say “it has seemed 
worth while . . to present a connected story of the 
Drainage Canal from its inception” (the italics being 
mine). “Inception” would mean its incipient or initial 
stage, but Mr. Randolph begins the story with the elec- 
tion of the first Board of Trustees, Dec. 12, 15*’, cre- 
ated to carry out the present plan. Construction work 
was then begun, but the general plan had been under 
consideration for at least 20 years before, which should 
mark the date of inception. 

Mr. EB. 8S. Chesborough, Past President of the AmcricaD 
Society of Civil Engineers, and for a number 0! years 
city engineer of Chicago, was the first official ‘o seri- 
ously suggest the drainage canal to the Desplaines River 
as a proper future solution for the sewage ‘'sposel 
question in Chicago. After numerous spasmodic agita- 
tions, the Citizens’ Association in 1884 issued a pampb- 
let in which this plan was again moved to the front and. 
with the aid of Mr. L. EB. Gooley, M. Am. Soc. ©. E. 
along more definite lines than efer before. 

The importance of the water-supply and sewage ques 
tion now became a pressing one on account of :2¢ pol- 
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jution he former. Serious disagreements arose as to 
the t of two plans: namely, as to whether the 
sewas" ould be returned to the lake purified, or 
whet! : should be diverted into the Mississippi Valley 
with le dilution, and incidentally establish a large 


water from the Great Lakes to the Mississippi River. 
Mayo: rrison was authorized to appoint a commission 
of @ ers to decide the question, and selected as 
chief . cineer the undersigned, then assistant in the 
philai’ ohia water department. Mr. Benezette Williams, 
wy. Av: Soc. C. B., and Mr. Wm. G. Artingstall, M. Am. 


goc. (. E., were associated with him during the latter 
part the work. A year’s work with a large force 
witnessed the study of the feasibility and cost of in- 


termitient filtration on the sandy territory south of 

Lake Michigan, chemical precipitation, dispersion and 
dilutio: in Lake Michigan, and last, but not least, the 
Drainage Canal substantially as now built. 

The report* was presented in January, 1887, and the 
recom wendation was adopted. 

Legisiation to carry out the projected work was im- 
mediately sought and was finally obtained in 1889, when 
Mr. Randolph’s interesting story of construction begins. 

The undersigned deeply felt the great responsibility 
resting upon him and widely consulted Buropean as 
well as American experiences, His decision was based 
not only upon the financial aspect, but upon the clear 
conviction that when properly arranged the disposal of 
city sewage by dilution in definite proportions, with 
water holding oxygen in solution, was as rational, as 
effective and as permanent as the disposal by purifica- 
tion on land. 

As this conclusion is still occasionally antagonized by 
some prominent but misinformed laymen, to the injury 
of the interests of the general public, a frequent reit- 
eration does not seem superfluous. 

Whether sewage is purified on land or in water, puri- 
fication is in both cases accomplished by oxidation, and 
disease germs are destroyed by starvation or steriliza- 
tion. It is by no means certain that they are starved 
more effectually on land by modern sewage oxidation 
beds, rich in pabulum, than by dilution in oxygen-sat- 
urated running water, poor in pabulum. 

In the case of dilution, after screening and dispersion, 
the sewage can, by immersion at the outfall, at once be 
made inoffensive and remain so, a very desirable result 
in a large city with extensive suburbs. In the case of 
purification on land, every economical method requires, 
for large cities, the condemnation of a strip of land 
surrounding the works to prevent any possibility of disa- 
greeable odors inevitable in every economical large-scale 
process now known, from reaching private property. 
On the other hand, purification on land is rapid and 
allows the sewage to leave the works at once in a per- 
manently satisfactory condition, while oxidation in 
water, owing to the smaller quantity of oxygen available 
in water than in air, is correspondingly slower. The 
latter method, however, where available, will always be 
preferred because of its simplicity, its immediate removal 
of all offensiveness and its economy. 

This view is held by experienced practical engineers 
not only in this country, but also in Europe. Mr. 
Maurice Fitzmaurice, M. Inst. C. E., Chief Engineer of 
the London County Council, has recently so expressed 
himself and the chief engineers of several German cities, 
situated on large rivers, are of the same opinion. 

In Liverpool and Birkenhead, crude sewage of about 
800,000 persons is satisfactorily discharged into the 
River Mersey; in Bristol and Belfast the crude sewage 
from about 300,000 persons in each city is satisfactorily 
discharged respectively into the River Avon and the 
Lough. In Hull the crude sewage of 240,000 persons is 
discharged into the River Humber. In Hamburg and 
Altoona the crude sewage of about 1,000,000 persons goes 
into the River Elbe. Cologne, Dusseldorf, Magdeburg 
and Dresden also satisfactorily dispose of their sewage 
by dilution into the Rhine and Blbe and nothing is or 
is intended to be done by the engineers in the above- 
mentioned cities in the way of purification, except screen- 
‘ng, which is done in most cases, and should be done 
everywhere. Our own cities, where it is feasible, are 
saturally following along the same lines. 

Yours very truly, 
Rudolph Hering. 

170 Broadway, New York City, July 23, 1909. 


{We commend Mr. Hering’s remarks on sew- 
4ge disposal by dilution to the attention of all 
who fall to recognize that water disposal may 
be as legitimate a method of getting rid of sew- 
age as is land disposal.—Ed.] 
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Necessity of Caution in Constructing Hydraulic- 
Fill and Other Types of Earth Dams. 

Sir: Anent the Neeaxa Dam failure in Mexico, your 

“xcellen’ editorial in Engineering News of July 15, 1909, 

“aves but little to be said on the subject of using large 


nahis ‘eport has recently been reprinted by the Inter- 
meant ot we Commission as an appendix to its 








quantities of nearly pure clay for the core of hydraulic- 
fill dams. Many hydraulic engineers have recognized the 
dangers incident to the use of clay, either nearly pure 
or mixed with fine sand and silt. Not only do clay 
cores of this class of material consolidate with great 
slowness, if at all, but they are always liable to become 
re-saturated from impounded water, and thus lose co- 
hesion to the degree of producing a slide. 

In connection with two different earth dams in Cali- 
fornia, for which the writer has been wholly or in part 
responsible, it was decided not to use the hydraulic- 
sluice method, after making a thorough investigation of 
the subject and careful tests of the materials as they 
would be segregated and deposited from sluices. It be- 
ing deemed important that the materials to be deposited 
as puddle should consist of clay mixed with coarse crys- 
talline sand and gravel in proper proportions, a semi- 
hydraulic-fill type of construction, which would accom- 
plish this end, was adopted. 

In the dam for the Mill Creek No. 3 Reservoir of The 
Los Angeles Edison Co., constructed near Redlands, 
Cal., the material was loosened by blasts from the hill- 
side above the dam, and carried in Fresno scrapers to 
the two slope embankments. The material thus secured 
consisted of large rocks, gravel, coarse granitic sand 
and clay. By raising the two embankments high above 
the unfilled depression along the central axis of the 
dam, the slope could be maintained so steep that a 
hydraulic jet played on the inside of the bank would 
carry the clay, coarse sand, and some gravel down to the 
core, 

Tests made with a sluice from the quarry site failed to 
produce such a beneficial result, and deposited far too 
much clay and very fine sand in the core. This fine 
material was tested and did not possess one-fourth the 
resistance to percolation or flowing currents of water, 
which the clay with coarse sand and a little gravel was 
found to possess. 

An example of a hydraulic-sluice dam, deficient in 
this respect, is found in the Crane Valley Dam, Fresno 
County, Cal. This dam has a core of clay mixed with 
fine sand in such quantity as to form a considerable 
proportion of the whole mass. If this mass ever did 
consolidate, it has become resaturated and has com- 
pletely lost its bond, so that water from the reservoir 
penetrates it readily and always stands in the core to 
the same level as in the reservoir pond. Material ex- 
tracted from the core resembles a mixture of quick- 
sand, fine silt and clay, and lacks the coarse particles 
around which these fine substances may consolidate. 

It is needless to say that this dam is a failure. It 
has required frequent and expensive repairs, and has 
at times been saved from total failure in the nick of 
time, It is true that there were some springs in the 
foundation, which have also menaced this dam, but this 
has only been an added source of trouble, and does not 
alter the facts above stated in regard to the hydraulic- 
filled core, 

The Arrowhead Dam, at Little Bear Valley, San Ber- 
nardino County, Cal., is being constructed in much the 
same manner as was the Mill Creek No. 3 Dam, the prin- 
cipal difference being that the material is transported 
in dump cars instead of by scrapers, a difference in the 
conditions met and the magnitude of the work having 
made this necessary. The results being obtained at 
Arrowhead are satisfactory in every way, as sufficient 
coarse sand and gravel moves along with the clay and 
silt to produce perfect solidification. 

The writer's experience with these two dams has 
demonstrated another decided advantage of the track- 
bank and fjet-hydraulic process, or semi-hydraulic-fill 
method of construction. This advantage consists in 
using less water than is required in carrying-sluices, be- 
cause a jet under pressure does more effective work 
with only a fraction as much water. Therefore,-a sur- 
charge of the core is avoided, and the drainage occurs 
quickly, being followed by rapid and perfect consolida- 
tion. 

The Arrowhead Dam has a concrete core-wall from 
bed rock in addition to the puddle core, and this brings 
us to another very important subject. The writer has 
always believed that any type of earth dam must be of 
limited height, unless it has a masonry core-wall, and 
the Arrowhead Dam is 200 ft. high. 

Now, it must be obvious that a core of consolidated 
clay loses its value, whenever the hydraulic pressure 
against it becomes too great. To meet this danger the 
base of the clay core in the Necaxa Dam was ap- 
parently made very thick, and as a result the clay body 
was so large it did not drain out and the slide occurred. 

In this case it proved impracticable to construct a 
clay core so thick that it would resist a water pressure 
approximating 200 ft. head. Had the core been made 
of less thickness, it might have been built successfully, 
but it would have failed under the full reservoir pressure, 
sliding down the canyon instead of into the reservoir. 

Thus, it seems to the writer that to dispense with a 
Masonry core-wall in hydraulic-fill earth dams of such 
height places one between “‘the devil and the deep sea.”’ 
All the experiments made and the experience had to date 
does not present a solution of the problem, which can 
cause an engineer to feel safe in constructing that kind 


of a dam with the materials ordinarily found at sites 
like the Arrowhead and Necaxa. 

Again, the construction of earth dams on bed rock, 
without having a fairly resistant masonry core-wall, is 
at best a dangerous experiment. There is every induce- 
ment for the water to follow the bed rock and for the 
dam to slide. This applies to low as well as high earth 
dams, but for a height near 200 ft. the risk amounts 
almost to certain failure. 

Respectfully yours, 
F. C. Finkle 

Los Angeles, Cal., July 22, 1900 





Notes and Queries. 

An addition to the article on “A Railway Transfer 
Table Without a Pit,"’ published in our issue of July 
15, 1909, was received from the author too late to be 
included in the article as published. The additional 
paragraph is as follows and concerns the winding drum 
by means of which rolling stock is drawn onto the 
table: 

As there is not room for the drum between the tracks 
on the table, it is located with its axis parallel to that 
of the table and it is necessary io pass the cable over 
a sheave in order to lead the cable to either end of 
the table. The sheave is so close to the drum that were 
the drum stationary the cable would not wrap properly 
on the drum. To correct this, the drum in winding or 
unwinding travels on a screw the pitch of which equals 
the diameter of the cable, thus always maintaining a 
straight lead from the drum to the sheave. 

The screw upon which the drum is mounted is clearly 
indicated in Fig. 2 of the above named article. Trans- 
fer tables of this type are now being put on the market 
by G. H. Nicholls & Bro., of Chicago, Ill 





IMPACT TESTS ON BRIDGES have been conducted 
on an extensive scale under the direction of the Com- 
mittee on Iron and Sleel Structures, of the American 
Railway Engineering and Maintenance of Way Associa- 
tion. In Bulletin No. 112 (June, 1909) there are about 
60 pages of diagrams and tables of the results of a large 
number of tests made on bridges of various types and 
spans to determine the deflections under varying condi- 
tions of traffic loads and speed. There is no analysis 
of the tests or results, as this material is simply matter 
for information accompanying a progress report of the 
committee. As to the influence of speed, however, there 
is the following brief statement: 

It was repeatedly observed in the case of spans of 
considerable length that the greatest vibration was 
caused at a speed at which the rate of rotation of the 
locomotive drivers corresponded closely to the natural 
rate of vibration of the loaded structure. This may be 
called the ‘‘critical speed.’’ For speeds higher than such 
“critical speed’’ the vibrations were less, and for speeds 
lower than such speed they were also less. The critical 
speed is obviously not the same for all structures of 
the same span length, being lower for light structures 
having large deflections and higher for heavy struc- 
tures with small deflections. 





THE FUTURE TIMBER SUPPLY of the United States 
has been made the subject of a circular issued by the 
U. 8S. Forest Service. We quote from the circular a 
convenient and telling summary of the bulletin, as fol- 
lows: 


As is shown in the preceding pages, the total yearly 
drain upon our forests, not counting losses from fire, 
storms and insects, is some 20,000,000,000 cu. ft. Our 
present forest area of 550,000,000 acres may be roughly 
estimated to consist of 200,000,000 acres of mature for- 
ests, in which the annual growth is balanced by death 
and decay, of 250,000,000 acres partially cut or burned 
over, on which, with reasonable care, there is sufficient 
young growth to produce in the course of time a mer- 
chantable, but net a full crop of timber, and 100,000,000 
acres of more severely cut and burned-over forests, on 
which there is not sufficient young growth to produce 
another crop of much value. 

Taken as a whole, the annual growth of our forests 
under these conditions does not exceed 12 cu. ft. per 
acre, a total of less than 7,000,000,000 cu. ft. That is, 
we are cutting our forests three times as fast as they 
are growing. There is menace in the continuance of 
such conditions. While we might never reach absolute 
timber exhaustion, the unrestricted exploitation of our 
forests in the past has already had serious effects, and 
it will have much worse if it is allowed to continue un- 
checked. White pine, for instance, which was once 
considered inexhaustible, has fallen off 70% in cut since 
1890, and more than 45% since 1900. The cut of oak, 
our most valuable hardwood lumber, has decreased 16% 
since 1900, and that of yellow poplar 22%. The same 
a be told of other woods if they are not con- 
served. 

The fact that timber has been cheap and abundant has 
made us careless of its production and reckless in its 
use. We take 250 cu. ft. of wood per capita annually 
from our forests, while Germany uses only 37 cu. ft., 
and France but 25. On the other hand, Germany, who 
has learned her lesson, makes her state forests produce 
an average of 48 cu. ft. of wood per acre. We have as 
fast-growing species as Germany, or faster, und as good 
or better forest soil if we protect it. 

The necessity for more farm land may eventually re- 
duce our total forest area to 100,000,000 acres less than 
it is at present. It is entirely possible, however, to 
produce on 450,000,000 acres as much wood as a popula- 
tion much greater than we have now will really need 
if all the forest land is braught to its highest producing 
capacity and if the product is economically and com- 
pletely utilized. But to reach the necessary condition 
of equilibrium between timber production and consump- 
tion will take many years of vigorous effort by individual 
forest owners, by the states, and by the National Govern- 
ment. None of them can solve the problem alone; all 
must work together. 
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A High Record in Bricklaying Attained by 
Novel Methods. 


By L. W. PECK.* 

High records in bricklaying were attained a 
short time ago in the construction of six brick 
buildings for Atwood & McManus, box manu- 
facturers, at Chelsea, Mass. By the use of in- 
teresting special methods, a remarkably large 
output per man and a low cost per thousand 
were reached. At times individual records at 
the rate of 3,000 brick per day were made, and 
on the last two days of the contract the entire 
bricklaying ,gang averaged 2,600 bricks per day 
per man; this last was on 12-in. walls, jointed 
both sides. 

A short description of the methods follows. 
The graphical records of performance mentioned 
in this article were under the personal super- 
vision of the writer, who was in charge of the 
cost analysis for the general contractor, Frank 
B. Gilbreth, 

In order that the reader may note the process 
that more than doubled the output, it will be 
well to start with the arrival of brick on the 
job. Carload lots of face and common brick, 
about equally proportioned, were set in on the 
spur track on one side of the job. Different 
methods were used in unloading the brick. From 
one to six men were tried on a car and their 
work carefully recorded. It was found that one 
man could unload a car much cheaper than two 
or more men, provided his individual record or 
output was recorded, but it was necessary to 
have six or eight men in each car because the 
siding was not long enough to accommodate 
more than three cars, and the brick were being 
laid as fast as unloaded in some cases. This 
also saved demurrage. 

Charts posted on the field office wall showed 
the men holding high scores in unloading. Every 
man wore a button showing his number in large 
figures. A spirit of rivalry was created, and 
men on this work needed no other watching 
than recording their outputs, knowing their 
record would be marked up as soon as the car 
was empty. 

“PACKETS” IN PLACE OF HODS.—Special 
carriers called “packets,” holding 18 brick, were 
used exclusively on this work. These are simply 
rectangular frames of 1 x 2-in. strips, 8% ins. 
wide and about 30 ins. long, accommodating 18 
bricks in two tiers, on edge. They stack readily, 
whether full or empty, and are convenient to 
handle. The view Fig. 1 shows a number of 
empty packets, while in Fig. 2 they are seen as 
piled on the special barrow mentioned farther oun, 
and in Fig. 3 on the staging. 

The men unloading cars sorted the brick and 
piled them on packets. Packets of exterior and 
filling brick went onto the wall in different 
wheelbarrows, and picking over or culling a pile 
of brick by the masons on the wall was in this 
way eliminated. 


Gravity conveyors were used between cars and 
storage sheds. These are something like un- 
loading skids in form, and consist of ball-bear- 
ing steel rollers set in a frame of bar iron. In 
the case of two of the buildings, the conveyor 
earried packets from the car door direct to the 
elevator. This was as nearly an ideal condition 
as could be wished. One man taking packets 
from the conveyor and loading wheelbarrows 
kept the elevator supplied, which in turn sup- 
plied the masons. The highest records on brick- 
work were made where this arrangement was 
used. 

The fact that the brick were handled in units 
of 18 only, up to the time the mason laid them, 
was but one of the advantages in the use of the 
packet. Its other important advantages will be 
realized on considering the time necessary to 
load loose brick into a hod, carry onto staging 
and dump, not to mention the time lost by the 
mason when looking for a certain kind of brick 
in a disorderly and badly mixed pile, of which 
many bricks are chipped. Reports of produc- 
tion on packet-handled brickwork demonstrated 


*With Frank B. Gilbreth, Inc., 60 Broadway, New York 
City. 


the economy as compared with ordinary brick 
hods. 

Tests which proved that units of 90 lbs. were 
the most economical to handle decided the 
question of how many brick should constitute a 
packet. The precise position of the packets on 
the staging for best performance was determined 
by actual trials, and careful comparison of the 
times required to lay brick. At first the pack- 
ets were set parallel to the wall, on the theory 
that the shortest distance from packet to wall 
should be the determining factor. It was soon 
found that other factors played a more promi- 
nent part, so all packets were placed at right 
angles with the wall. As there were two piles 
of brick, face and common, this arrangement 
made it easy for the mason to reach all the 
brick all the time, with his wrist normal to the 
brick—the most natural position. The packet 
plan of unloading and handling gave the mason 
the kind of brick he wanted when he wanted 
them. 

All packets were painted black on one end. 
When brick were put on packets, on edge, the 





Fig. 1. A Truckload of “Packets” on Way to be 
Reloaded. 


natural top of each brick was placed toward 
this end. This arrangement of packets on scaf- 
fold or floor saved the mason turning brick 
over, or tossing aside on account of being 
chipped, etc. 

Mortar boxes were spaced exactly 3 ft. apart 
on the staging. Packets were set flush against 
the left-hand side of the box as the mason faced 
it, leaving space for the tender to step in when 
placing new packets. Accurate recording proved 
that this accomplished the best results, although 
it was hard to convince the masons until the 
actual figures stopped all argument. 

In the arrangement of mortar boxes and pack- 
ets, care was taken that bricklayers did not 
have to pick brick or mortar cross-handed. Even 
changing the order of box and packet for left- 
handed masons was found to pay. 

Trials were made with the mortar boxes at 
different heights, first close to the floor and 
afterward raised above the staging. The out- 
put was increased materially by elevating the 
mortar, so horses 12 ins. high were built, and 
planks laid on these to form a bench. The cost 
of these benches was so slight, and the output 
so much increased, that ft was proven of value 
to build them even on a pole scaffold. Study 
of performances also proved that mortar tubs 


and packets were to the best advantag 
from the wail. 

MEASURING OUTPUT OF BRICKLA 
The usual custom for gaging the individ 
put on a wall is by measurement. Th 
man works between two marks, and th. 
tendency among the bricklayers to let ea, 
take care of his allotted portion. To « 
with this condition was necessary in f 
the plan laid out on this contract. 

The question of measuring the output 
bricklayer was solved in the simplest wa, 
bricklayer was told to pile his empty pa 
his individual pile and these were count 
hour by wheeling them past the recorder 

There is a labor rule which forbids 
being slacked out and raised a cours. 
each man has completed his portion. 
consistent with good workmanship. Its r 
that the masons finishing first, under . 
conditions, slow up their work until the 
men have completed their sections. CC. 
the packets of the individual workmen ¢) ingeq 
this. It was found that the bricklayer fin- 
ished his section was glad enough to em; hts 
packets by laying brick on the section of th man 
next who was waiting for stock or was behini for 
any reason. Instead of slowing his pa. and 
killing time until the other man was caug! 
he stepped over a few feet and kept busy 

WHEELBARROWS.—The time and cos: stu- 
dies on this job proved in repeated instan the 
previously discovered truth* that the losses due 
to workmen using traditional tools instead of 
tools best adapted to their work are much 
greater than the losses from their actual! tend- 
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ency to soldier or loaf. This was found par- 
ticularly so in the case of the wheelbarrow 
Recording the number of brick each tender 
handled caused so much rivalry between differ 
ent foremen, and in fact between the tenders 
themselves, that the wheelbarrow came in for its 


share of change and improvement. The averagé 
wheelbarrow holds from 50 to 60 brick, loose 
The flat wooden wheelbarrow holds four packets, 
or 72 bricks. The “trucket,” Fig. 2, a cross be- 
tween a wheelbarrow and a baggage truck, was 
finally adopted. This trucket held 12 packets, 
or 216 brick. Owing to the fact that the two 
wheels were well back under the body, the 
trucket was handled easier than the old-fash- 
ioned wheelbarrow. The limit, however, is 
reached in 216 brick in most cases, as over 1,()0 
lbs. is concentrated on two wheels. 

SECURING COMPETITION FOR HIGH REC- 
ORDS.—To engage the interest of the workmen 
in the endeavor to increase the output, charts 


showing the daily performance graphically were 
posted on the wall in the field office, where they 
could be seen by everyone on the job. In ad- 


dition the bricklayer foreman on the building 
having the highest score one day was permitted 
to fly the largest flag the next day. Different 
size flags were provided, from 5 ft. by 8 ft. to 
5 ins. by 8 ins. There were from four to s!x 
buildings under construction simultaneously, and 
a great deal of rivalry developed among the 
foremen in the attempt to get the largest flag 
Miniature flags corresponding to those on the 
buildings were put on the charts posted in the 
field office to mark the race. 

The enthusiasm which this system aroused s 
expressed in the fact that the most pessimistic 
foremen, who openly opposed the system at the 
start, were the strongest adherents and ‘irmest 
believers at the finish. 

OFFICE RECORDS OF PERFORMANCE 
AND COST.—Reports of the day’s work were 
mailed to the main office daily. Here charts 
were made up showing the fluctuations .f pro 
duction and labor cost of the several 52n8S 
Specimens of these charts are reproduc: here- 
with in Fig. 4 (A, B, C and D). ; 

Chart “A” shows the average hourly utpe 
per man from day to day on four differe! build- 
ings. This is interesting, inasmuch as | shows 
how each gang stood in relation with th« thers, 
though it is not sufficient to tell the aver <° = 

«7 ” b M F. £ 
Tayler, y, gy A - y SP mechan! Eng!- 
neers, Vol. 24 (1903), p. 
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ciency ¢ the foremen. Another chart made 
from ti: same data averaged the curves of “A” 
progres -:vely, giving the gross average hourly 
output ‘rom the beginning of the job to any 
date, is done for costs in chart “B.” 

In « r to judge these records a knowledge 
of the ~onditions that existed upon the several 


ferent foremen is found in charts such as C and 
D. These endeavor to show the ratio of cost of 
each class of labor to the total labor cost, 100% 
representing the sum of foreman’s, bricklayers’ 
and tenders’ payroll for the day. 

Naturally, all that the bricklayers’ line can be 
moved up or the tenders’ line down is good. 





— 





FIG. 2. LOADED PACKETS ON TWO-WHEEL BARROW; LOAD FIG. 3. 
ABOUT 1,000 LBS. 


buildings is necessary. For instance, the Office 
building (Parsons, foreman) had the thinnest 
walls, with fancy cutting for arch work, in view 
f which an average of nearly a hundred brick 
per man per hour is very satisfactory. The 
Stable (also Parsons), had a great many open- 
ings, plumb corners, and arches, and therefore 
could not be expected to compete with the Mill 
or Receiving buildings in number of brick laid. 
Knowing this, the fact that Parsons is low man 
in production is not exciting, for in looking at 
hart “C” it is found that his cost per thousand 
brick laid ts low, for that class of work. 

The true expression of the abilities of the dif- 
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work bring out the fact that the best work, as 
well as the cheapest, can be done when the 
tenders are from one-third to one-half the num- 
ber of the masons. 

On two of the other buildings of this group, 
for instance, the bricklayers’ average was 72% 


and 68% respectively, and the tenders’ average 








VIEW ON STAGING, SHOWING PACKETS OF BRICK AND 


MORTAR-TUBS IN PLACE FOR BRICKLAYERS. 


Look at chart C. Here is shown the reason why 
highest production does not get lowest cost in 
all cases. Note that the average percentage for 
Lricklayers shown on the margin, left side, is 
58%, while the average for tenders is 35%. In 
chart D, on the other hand, the bricklayers’ 
average is 67%, the tenders’ average showing 
27%. 4 

As tenders are not producers of scores by them- 
selves, merely being the necessary evil enabling 
the bricklayers to run up the records, their per- 
centage should be as low as possible. The say- 
ing on the wall for years has been, “a tender to 
every bricklayer,” but performances on this 
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(A.) Average Hourly Output per Bricklayer During December, 1908. 
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(C.) Subdivision of Labor Cost on Receiving Building; Foremen, Bowler 
and Connelly. 

FIG, 4. SPECIMENS OF PERFORMANCE AND COST CHARTS FOR BRICKWORK OF ATWOOD & McMANUS BUILDINGS. 
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was 21% and 33%. These results were accom- 
plished by the foreman shifting his men to 
suit conditions on the wall. Had there been no 
charts showing output, number of men, percent- 
age of one group of men to the whole, etc., these 
results would not have been made. They show 
the ability of the foreman to place his men to 
advantage. Thus, chart D shows that Norton 
watched his tenders pretty closely, keeping their 
percentage down as much as possible. Under 
the conditions, Norton’s record is good, for his 
building, the Mill, was straightwalled. There 
was never a minute when the tenders on this 
building did not have all they could attend to 
Field charts were made to cover this point es- 
pecially, to show the various foremen why their 
records were what they were and point out the 
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(B.) Totalled Average Costs of Brickwork on Four Buildings. 


(Ordinates show average cost per M. up to date of abscissa. Rates of pay: Fore- 
Masons, 60 cts. per hr.; Tenders, 30 cts. per hr.; for 
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(D.) Subdivision of Labor Cost on Mill Building; Foreman, Norton. 
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particular features which it was desirable to 
repeat or to eliminate. 

In considering what was achieved on this con- 
tract, allowance should be made for the fact that 
the brickwork was started in midwinter and 
was rushed to completion in the fewest possible 
days regardless of weather conditions. While 
the output varied a great deal from day to day, 
it was far above ordinary results, especially 
under the difficult conditions of working, the in- 
terruptions and delays due to storms and low 
temperature of a New England winter, slow 
deliveries of lumber from Georgia to Boston, 
and the fact that the brickwork was strictly 
high-grade with walls jointed both sides. 

The records on:these six buildings erected 
under these conditions in four months, justify 
the expense of recording individual productions 
and maintaining a cost analysis department to 
chart the records and analyze the figures. 
Creating a spirit of emulation among the work- 
men down to the lowest grades, and posting the 
scores of performances, is apt to be little ap- 
preciated by one who has not studied the in- 
fluence of these factors upon production. 





Housing Conditions and Wages on the New 
York State Barge Canal and on the 
Ashokan Dam, Board of Water 
Supply, New York City.* 


In September and October of 1908 a special investiga- 
tion was made by the Bureau of Factory Inspection as 
to the observance of the provisions of the Labor Law 
concerning public work by the contractors for the 
Barge Canal. This investigation was undertaken as the 
result of numerous complaints of non-observance of the 
law, which had been received by the Department, and of 
special orders which had, in consequence, been issued by 
the Commissioner of Labor to all contractors. An in- 
spector was engaged in this investigation continuously 
from Sept. 17 to Oct. 25, save for one or two short 
interruptions, and in the course of his work secured 
data, not only as to the observance of the law, but 
as to wage rates, number of aliens employed, and hous- 
ing conditions where labor camps were maintained. Sim- 
ilar information secured in a similar connection (in this 
instance both complaint and request from the contractors 
furnished the occasion) was secured by the same in- 
spector on Dec. 21 to 24, inclusive, concerning the work 
on the Ashokan Dam for the City of New York. This 
information concerning employment of aliens, housing 
conditions and wages on these two great public under- 
takings is deemed of sufficient value to be here recorded 
for general public information. 


The Barge Canal. 

Work on 26 different contracts was visited. On five of 
these only preliminary work was under way, or the 
work was nearly completed, and detailed reports therefor 
were not made. On the other 21 contracts a total of 
4,516 workmen were employed. Of these 2,067, or 46%, 
were foreign born, only two of whom had taken out first 
papers for citizenship. Aliens were found at work on 


all but three contracts. Of the 18 contracts where aliens 
were found, on all but two labor camps were maintained 
in which a part or all of the aliens lived. Following is 


a summary of the reports of the inspector as to the 
character of the housing and sanitary conditions of these 
camps: 

Number Number 


Condition Reported as— of of aliens 
contracts. employed. 
PO ces sesh eave beaheereectyrn 1 132 
Nc gh a taea Con ensnk > kab cee haan 4 274 
SR - a n.n0 4546.65 bad she haede wane eas 10 1,537 
RN, i Naw do's du ca bb's Uaman nuns 1 100 
TOR. . «sr racadbasaskianchwa cba 16 2,043 


The formal reports of the inspector do not specify de- 
tails as to conditions on each contract, being confined to 
a general characterization as above. But a general de- 
scription of the labor camps as found on the barge canal 
was submitted by the inspector, which is as follows: 


It is apparently the general rule among the contractors 
(to which, of course, there are exceptions) to provide 
*‘shanties’’ for the laborers at the job. These ‘‘shanties’’ 
or ‘“‘shacks,”’ together in some cases with outlying huts, 
constitute the laborers’ camp. In some cases additional 
eamps are provided for the skilled labor, mechanics, time- 
keepers, etc., but as a general rule the better class of 
employees board in nearby cities or villages or at farm- 
houses along the line of the canal, while the unskilled 
laborers live at the job. The latter method is preferred 
by the contractors for the reason that the help is close 
at hand to resume work after a storm or temporary lay- 
off, or in case of emergency. 

After erecting the shanties and building bunks therein 
the contractor turns the use of the building over to the 
padrone, or labor agent, who is depended on to supply 
all necessary unskilled laborers in return for the privilege 


*From Bulletin N. Y. State Dept. of Labor, March, 
1909; John Williams, Commissioner, Albany, N. Y, 


of conducting the supply store for the men. 


The 
padrone also has for himself all moneys received for bunk 


space in the shanties. The charge for sleeping space 
averages about $1 per month per man. 

As to the manner of boarding, the Austrians and Hun- 
garians generally engage a ‘board boss’”’ who buys and 
cooks the food. Occasionally a married couple does 
this. At the end of the month the cost is assigned pro 
rata among the members of the mess. The Italian, how- 
ever, prefers to buy his own supplies and do his own 
cooking. The contractor protects the padrone by deduct- 
ing from the wages of the men the amount owing to him. 
We are thus enabled to learn about how much the bills 
for supplies will average, and find it to be from to 
$15 per month, including bunk space at the shanty. 
These bunks are merely board berths filled with straw 
or hay, over which the occupant throws an old blanket 
of some kind. It is exceptional to find cots or beds. 
Usually the bunks are all together in a large room 
which is badly ventilated, these men seemingly having 
a dread of fresh air for sleeping purposes, although they 
work in it all day. Sometimes the hay or straw is 
changed, at least I am so informed; but, as a matter of 
fact, I saw no indications that such is the case. The 
camps, with few exceptions, are located near running 
streams or lakes, but, truth to tell, the alien laborer 
generally remains among the great unwashed. 

In several instances the rones have taken out 
licenses to sell beer. In some cases whiskey is sold with- 
out a license. Arrests have been made for this violation 
but, so far as learned, no convictions have been ob- 
tained. The contractors, for obvious reasons, discourage 
the selling of beer and liquors at or near the camps. 

Instances are known where the padrones charge the 
men for getting the jobs, charge them for sleeping room, 
charge for the room whether used or not (as the price 
of retaining a job), which is extortion pure and simple: 
this, together with what is derived from the sale of 
and drink, enables the padrone to get about all the 
money the men spend. Cases are known of one padrone 
bidding against another by offering to supply all neces- 
sary unskilled labor at a lower rate of wages in return 
for the ‘“‘privilege’’ of the shanty and store; as a mat- 
ter of fact the laborer is and has been for years at the 
mercy of these padrones who, next to the men’s own un- 
clean habits, are the curse of their existence. Still it 
has to be acknowledged that ‘but little sickness exists 
among these men, and they are often able to take a 
vacation in their foreign homes during the winter 
months. 

In some instances medical attendance is called in only 
when necessary; in other instances a small weekly or 
monthly sum for medical service is deducted from the 
pay, and regular visits to the men are madé by the com- 
pany physician and when sickness occurs no extra charge 
is made. The camps, as a whole, are carefully located 
on high ground and allow for ample drainage, although 
improvement could be made at some camps. The drink- 
ing water is usually supplied from driven wells of ample 
depth to insure a good quality of water. On all con- 
tracts water-boys are employed whose duty it is to keep 
the men well supplied with fresh drinking water. 


Transcripts were made from payrolls of rates of wages 
paid by the barge canal contractors for a total of 4,352 
employees. Wages are commonly paid by the hour, day 
or month, weekly rates appearing in case of only seven 
employees. In the following summary, for all hourly 
(and weekly) rates, equivalent rates for an eight-hour 
day (eight hours being the legal limit for public work) 
have been computed and used. Monthly rates are entered 
separately.* The actual rates are arranged in a descend- 
ing scale to which is added the average for each occupa- 
tion. 


RATES OF WAGES ON STATE BARGE CANAL WORK 











IN 1908.+ 

Per day of 
8 hours. Per month. 
Occupation. (cubinetemenaen Till aateteemeeeetenn 
. No. Rate. No. Rate. 
Blacksmiths .............. Max. 1 $4.00 1 $110.00 
x > Tare ere 
6 3.00 Bi hg aes 
5 BA 85 ok See ee 
3 i ee eae ee 
ages 655.423 Shas 382 = $3.04 1 $110.00 
Blacksmiths’ helpers........... q 8 err: 
10 SE iad © 6 ween 
8 ae iss. eaebe 
1 BR a os See 
DN ass ths cnuencnee 30 See ek Se we 

Blasters. (See also Potter men.) 
ee ae eee Te eee Ciud 1 $95.00 
PECTED AF: Seema 6 $2.50 1 $65.00 
9 ei a BS 
5 EO SWS oe 
pints 22.556 28 $191 1 00 
Captetes. ‘Gredwe. oss sincnsceds 1 $5.00 2 $150.00 
= ee 1 125.00 
pS pe ee ae ~ 1 $5.00 38 $141.67 
Capteios,' “tambeat 6 ease as een 1 $120.00 
oe 3 100.00 
4 80. 

ONG oie is ek cen eee pan 8° $92.50 
re es ee eee 10. FAM. ok. aveds 
49 3.00... eee 
43 - eee 
BD wax Sabu 
158 | ae eee ee 
2. Segue Pe 
NN oi Si 8 dante 351 $2.58 .. Reo aye 





*Data are not at hand to determine whether Sunday 
work is represented in the monthly rates or not. 

*We have omitted a number of entries of only a 
relatively few men at a given rate of wages; therefore 
in many cases the totals in each class appear to be 
excessive. The highest and lowest rate is given in 
each case.—Ed, 


Occupation. 

No, 

Carpenters’ helpers ............ Py 
10 

ll 

4 

ND akin ss tc-cees =e 
Channel men Miers 
5 

Average ease ties besvis ieee 
Channel men’s helpers......... ae 
3 

Average eRe tae 

1 a sesndamtis 3 
Concrete finishers.......... see 8 
8 

1 

Average . tveeseesececeess 13 


Cranemen, dredge & steam shovel .. 


PPOURNE? BE ip See ESE eC 
Deckhands, dredge ........... 30 
ee re rae a ae . 30 
Deckhands, tugboat........... ae 


Derrick swingers. (See also en- 
gineers, firemen & foremen.) .. 

Dredge operators. (See also 
captains, cranemen, deck- 
hands, engineers, firemen, 
foremen, pitmen and scow- 


ge oe ea ee ee eee re 
a Ne SR ea A 
OE, PO dela dn Seek anes ae 17 
14 

3 

RR FCCPT 46 
Drill runners’ helpers.......... ae 
18 

14 

PN So neh bate o eke cess 44 
PUNUUNIE- nnan oC cack Can cas ae 
eg reece RS 28) ee a par 
Engineers (not classified)...... 1 
12 

1 

ne ee Pe ra Sar ekass 25 


Engineers, cableway 
Engineers, derrick ..... 





ey errs > rg 
Engineers, dinkey iviswaskene 
Average ibelues Ceci & 
Engineers, dredge.t............ 1 
Oe ee ee eer er oe 
Engineers, excavator ..... aSwene 
Engineers, hoisting......... btee es 
40 

2 

Average spade ees te 
Engineers, locomotive settee E 
6 

| Pee Tere ere “a re 
Engineers, pile driver.......... 2 
MONG. iio ies ke ce ocvan on 
Engineers: steam shovel. 201.0. 2 


Engineers, tugboat ...........+ ++ 


— 


Firemen (not classified)........ a 
15 
4 


— 
Average ..............++.465 $2.03 17 
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860.00 


$125.00 


ar 


$115.67 


$110.00 
100.00 
90.00 


$100.00 


$150.00 
90.00 


$100.00 
$80.00 
75.00 


$76.00 








$175.00 
125.00 





$141.46 
"$88.57 
$75.00 


55.00 
40.00 











*Includes board reckoned at $22.50 per month. 
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Au st 5, 1909. 
V7 
Per of 
8 Per month 
om rae No. Rate. No. Rate. 
ire § ee, eee 
Firemen, cableway ..----- pt Spe 
Firerme., derrick. ...2--++eesees 3 #280 abe a 
TARO vcccccveccscccvecs BD QRGD. eer ccece 
in CABO. sc ccccccceccces 1 .00 9 $70.00 
Firemen, € > % 2 “eco 
os <ivaix Ore 
Average certeeeeteverreeee B $1.83 13 $65.08 
vrepiem, WoCOMOLIVE ...-+++eee+ +e neue 1 00 
Fire.en, statlo mgwers eee ones ve f00.00 
Firemen, steam 8 Beeee shace rae seen 2 ¢ 
\VOFABO -eserererereecesee oe eece 2 & $58.00 
AVOFABE poreeceerersececre oe cose 8 $55.00 
Firemen’s helpers ...---+++++++ 2 160 .. re 
remsea ified)........ 1 50 38 $150.00 
Foremen (not class fied) a iif ; roped 
13 MEE o9 «-beegee 
1 SAE) warscgaee ce 
Average ....++- Pes hae pe pare 44 $2.83 16 $110.69 
Foremen, derrick ...20.-+++++++ a ate i or} 
AVOFAZC «ose eeeeeecesees eo cam _2 $75.00 
Foremen, GUMP ...eeeereeere of 2 ae eee 
Foreman, dredge ....+-- aces ese s . -” } ar ¥"3 
AVETAZE .ccccccccccecseces 6 $2.80 8 $86.67 
Foremen, MASON ..+.seeeceeees 2 $6.00 1 $150.00 
Foremen, of laborers.......-.-+ “ate : $100.00 
AVOPABC 2. ccccccccccccccee oo voee «62 ) | 986.00 
F en, track ...-eeieeeeeees 1 $2.00 .. esese 
Foremen, FIQBET «2. cece eceeees oe es 1 $125.00 
Helper, gemeral..........--eeeee os wis : 3 Lb ged 
[ron WOPFKETS ...-eeceeeeeeeeens ‘ ' ; : 10.00 
AVOFORZS 2 oc ccccecccccccces of x 2 $85.00 
JackMON ..ccccccscccccsvcseres 4 1.60 oo. sehen 
Laborers (foreign) ......+++-++ e $5.00 . sines 
325 Sc 0 taees 
167 Ce Peers 
687 Ba is: estes 
e 104 sae ° 
200 Se ee eee 
274 Se cs sees 
AVOTEGO 5 c's cece ceccccces S00; SRG cs | devs: 
Laborers (mative).....+sseeseees | $2.00 ie as 
58 Re ek. awat 
45 pi See 
93 See ee anges 
40 SS 2a 
AVOURES ihe c cUsbee eines MB SiG 4. | coena 
Labo citizenship not re- 
parm a 2 ta esaskties eer aero 
‘ 125 130... 
220 ae x. 
24 pF ae 
ae Pees eee eee 400 $145 ..  «...-- 
Machin. 6. iiciiss cactasansce 1» $4.00 1 $135.00 
9 MED keine kaaae 
6 WF ns wens 
APUG i Sess  coctciscins 28 $2.53 4 $108.75 
Machinists’ helpers pivdaes +. 8B $2.80 4 $60.00 
re 3 Bee. aes: eaees 
AVON oso sic isatvedecse 11 $2.29 4 .00 
Bens gibaerssineseobene cas oe 2 $1.75 $80.60 
OES, GIOERS. wcicccccers eoeed os ove J 
we tans 6 (Se 
as Pe ee 
VOU ans Se Saree cha <0 11 $69.09 
Otters, CONES cee ik eee 4 em, .00 
Pile drivers ........ genepakixs a “QR as) edane 
2 Se. Se 3 Saves 
AVORRGE ico dks seid hs se | ee ee 
as 40 
«.§ 1.75 
1 vid 
1 
AVORNGQO  oci5s bibs cosh i ee 2 $2.50 
Potter men’s helpers........... 2 1.75 
PUMPMGM . cdidacecnecucuccece 8 $350 1 
10 200 2 
3 1.50 
AVOREGS (is sicchves ccsncs ME SI 9 
Repalrmem.% avadersctaivcnecss: Be CSE: 3 
7 2.00 . 
2 1.60 
AVOPAZO .osseserorssvvece IE $308 1 $35.00 











Per day of 
8 hours. Per month 
Occupation. eee Tl ee | 
No. Rate. No. Rate. 
| RE A ee 2 $400 2 $90.00 
17 Dee 6k Res 
1 See “ese 
Bete otic Shee Hee 87 $2.41 2 $90.00 
Riggers’ helpers ............... 1 Gua .s “Sew 
4s: 13 See iG Cede 
1 MEP us Sc eeee 
Ce S56 i ek eee a GR ie. Fai 
Rock shovel operators.......... .. diode 2 $150.00 
Scowmen, dredge ..........-+. «+ esse 2 $55.00 
GRO. See dcccacccccacctect a Gee a veena 
1 Wee a eens 
J EP Pe re ee Cre 4 GREE (ss * Vwews 
See WE © 5 ccucocece ce cawnt 4 34-08 s| "waade 
Stone masons .............+00: 7 Te se cévbe 
Superintendent, cableway ...... .. «.» 1 $110.00 
Supply house men ............ 1 Geet cer f eivee 
1 fap 
BINS. * vcone ceuveetces + | ee os) estes 
Te: Se caciane destvcennr ean 2 .00 1 $60.00 
6 ae 8 50.00 
15 ue: ae ween 
3 a So. * nenke 
RT 5 ok Kctekdtecrent 2 $1.76 9 $651.11 
Teamsters (including teams)... 36 $400 ..  ..... 
10 3.20 ae 
BE Sivewccteanhadwaa Oe Mn 66° Oo ce ee 
Track CIORMOP ......cccecccces 1 See 
» £4 osprey ae an, a6 cnece 
Watchmen (average) .........- 21 1.91 28 $56.14 
Waterboys (average) .........- 16 et mi)... pee 
Winchmen (average) ......-..-. 3 .58 pauses 


Ashokan Dam. 


At the time of the investigation of conditions at the 
Ashokan Dam (December, 1908) only a little over 800 
men were employed, but it is anticipated that during the 
coming season there will be 3,000 men at work. 

The nativity of the 824 employees at the time of in- 
spection was as follows: 


American (white)..... SE in ci ios Geer é 5 
American (negro)..... » ee eee ere 4 
DRE sv cbt pcecssuvics Ge GFE cate cececccesces 3 
pT Se PA rr ee Se EE i dis bocecede ccs 2 
PME Vv cvccurccaae se , i I RO, SE 1 
PRR ives caseccdcces See CE ae Sn cde sees 1 
SCPE PERT EEE 10 Roumanian ........... 1 

Mt itadendccsaenes te DD GROG Svcdccsncdacedas 1 
Lithuanian .......... 8 — 
We 6 oss ccdnacesee 5 NR ie aka <8 5 date 824 


Of the foreign-born, 11 (4 Italian, 8 Irish, 1 German, 
2 Danes, 1 Canadian) had become naturalized, and two 
others (Italian), had taken out first papers. The propor- 
tion of alien labor on the work was, therefore, 64%. 

The situation of the work, in the southern portion of 
the Catskill Mountains, is such as to practically necess!- 
tate provision for residence of the bulk of the employees 
at the work, and of the 824 employees in December, 705 
were quartered at the camp provided by the contractors, 
the remainder being located in nearby villages. The 
necessity for providing housing at the work is recog- 
nized in the specifications accompanying the contract 
and detailed regulations are laid down therein to Insure 
proper sanitary conditions in the labor camp.* These 
regulations are as follows: 


Sec. 17. * * * Hose connections and hose, water casks, 
or other sufficient means shall also be provided for fight- 
ing fires in the more important temporary structures, 
and responsible persons shall be instructed as to the 
operation of such fire apparatus, so as to prevent or 
minimize loss of time from fire. The water supply fur- 
nished by the contractor shall Include a sufficient supply 
of drinking water of good quality to be furnished to all 
his employees. He shall furnish sufficient water, and 
ample bathing and clothes washing facilities for his 
employees, 

Sec. 21. The contractor shall provide suitable and 
satisfactory buildings for the housing, feeding and sani- 
tary necessities of the men and suitable stabling for the 
animals employed upon the work. 

Sec. . The contractor shall retain the services of 
one or more qualified medical and surgical practitioners, 
who shall have the care of his employees, shall inspect 
their dwellings, the stables and the sanitaries at least 

*In addition to regulating housing conditions the con- 
tract requires, in accordance with the labor law, an 
eight-hour day, payment of prevailing rate of wages and 
payment of wages in cash. It is riso stipulated that any 
necessary expense incurred by a county, town or city in 
any criminal action or proceeding against any person em- 
ployed on the work, or “in the suppression of riots 
among persons employed on said work” or in the pre- 
vention of crimes among them shall be a claim against 
the city of New York for any expense of the city for 
which the contractor shall be responsible. One of the 
specifications touches the safety of workmen by provid- 
ing that if at any time any methods or appliances 
appear to the city’s engineer to be unsafe, inefficient or 
inadequate for securing the safety of the workmen, the 
quality of work or the rate of progress required, he may 
order the contractor to increase their safety and effi- 
ciency, or to improve their character and the contractor 
shall comply with such orders, although the failure of 
the engineer to make such demand shall not relieve the 
contractor from his obligation to secure the safe conduct 


of work, and the contractor alone shall be ble for 
the safety, efficiency and adequacy of his it, appli- 
ances and methods, 


once a week, or oftener if the health conditions of 
any portion of the camp shall] make more frequent in- 
spection desirable, and shall supply medical attendance 
and medicines to the employees whenever needed. The 
contractor shall provide one or more buildings, properly 
fitted for the purposes of a hospital, with fa- 
cilities for heating and ventilati in cold weather 
and for screening and ventilating in warm 
weather. These hospitals shall have an ample 
number of beds to properly care for sick or injured em- 
ployees, and shall be provided with all articles neces- 
sary for giving ‘‘first aid to the injured,”’ as well as 
with ell necessary medicines and medical appliances for 
the proper care of the sick and injured. Another suit- 
able building shall be provided and ulpped as a con- 
tagious hospital, and any employee, who shall be found 
to have a contagious or infectious disease, shall be at 
once removed from the camp to this hospital, and there 
properly isolated and treated. The contractor shall give 
the engineer satisfactory assurance that the above medi- 
cal and hospital arrangements have been made. 

Sec. 28. Sanitary conveniences for the use of all 
persons employed on the work shall be constructed and 
maintained by the contractor in sufficient number, in 
such manner and at such places as shall be approved. 
All persons connected with the works shall be obliged to 
use these conveniences. The sanitaries shall be con- 
nected with one or more disposal plants, where all sew- 
age shal] be treated, so as to yield a reasonably clear 
and colorless effluent, free from disagreeable odor. 
Samples of the effluent shall show no increase in the 
oxygen consumed after being kept three days at a tem- 
perature of eighty degrees Fahrenheit. In addition to 
the above, pan-closets shall be provided and properly 
eared for at convenient points on the parts of the work 
remote from the disposal plants, whenever necessary for 
the prevention of nuisances. The contractor shall rig- 
orously prohibit the committing of nuisances within the 
limits of the work. 

Sec. 24. Garbage, both liquid and soil, shall be 
promptly removed from the buildings and immediately 
placed in approved tight receptacles of sufficient ca- 
pacity for about one day’s ordinary production. At 
least once in twenty-four hours all such garbage shall 
be incinerated or otherwise thoroughly and_ satisfactorily 
disposed of so as not to create a nuisance. 

Sec. 25. The sanitary precautions, including those to 
prevent contamination of the waters of Esopus Creek, 
and the care of the employees shal! at al! times be sat- 
isfactory to the engineer, to the department of health 
of the city of New York, and to the State Board of 
Health. The contractor shall promptly and fully com- 
ply with all orders and regulations in regard to these 
matters. 

Sec. 26. For providing plant, tools and equipment and 
for furnishing, erecting, maintaining and removing the 
construction plant, camps, hospitals, temporary water 
supply, roads, trestles and other temporary works, the 
contractor shall receive no direct payment, except as 
otherwise expressly stipulated, but ft is understood that 
compensation for them is included in the prices to be 
paid for the various items of the contract. 

. 27. The contractor shall not sell and shall neither 
permit nor suffer the introduction or use of intoxicating 
liquors upon or about the works embraced in this con- 
vert a upon any of the grounds occupied or controlled 

y m. 

Sec. 29. * * * The buildings and the shanties for the 
housing of the workmen shall be, so far as practicable, 
located downstream from the works, and the contractor 
will be required to avoid permanently disfiguring the 
landscape, in the erection of any of these buildings or 
of those for other construction purposes. 


Following is the description by the Department’s in- 
spector of conditions at the Ashokan labor camp as he 
found them last December: 


In compliance with the te?ms of the contract MacAr- 
thur Bros. Co. and Winston & Co. have erected a model 
camp on Winchell Hill near the Olive Bridge Dam and 
about one-half mile from Brown’s Station. The camp is 
situated in a grove of trees on an elevation of from 
400 to 600 ft. above sea level. The site of the camp has 
a natural drainage to a bluff overlooking Esopus Creek 
below the dam; a sewage disposal plant has been built 
end sewers laid throughout the camp; water Is provided 
for fire, sanitary and drinking purposes; the drinking 
water is filtered, streets have been cut through, are 
properly drained and electrically lighted; garbage and 
ashes are collected and disposed of daily: a school, hos- 
pital, bakery, store, bank, icehouse, etc., have been 
provided; barracks, dormitories, dining hall and cottages 
have been built, all in a substantial manner, the only 
difference. between some of these temporary structures 
and permanent ones being the lack of brick chimneys, 
cellars, plastered inside walls and shingled or clap- 
= outsides, although some have these latter fin- 
shings. 

Following is a description of a typical four-room 
house for laborers with families, which will apply to 
nearly all four-room houses. Dimensions of main por- 
tion: 16 x 40 ft., with an ell 12 x 12 ft. It is built 
with frame work of ordinary 2 x 4 and 2 x 6-in. timber. 
rough boards on outside and sheathed with planed 
matched boards on the inside. The house is well venti- 
lated and is covered, roof and sides, with rubberold or 
amazon paper, making it warm and weatherproof; the 
floors are doubled with paper between. The cost of 
these houses, not including charges for sewer and water 
system, is $400. Such a house rents for $15 monthly, 
including all fuel, water and sanitary protection; the 
three-room houses, built just as good and with like con- 
veniences and fuel supply, rent for $12 monthly. Ample 
garden space surrounds the houses and many families 
raise their own vegetables and chickens. The men work 
but eight hours per day and have ample time in which 
to attend to these matters. The arrangement of a four- 
room house is as follows: From the front porch a door 
leads to the main living room; to the left of this room 
is the family bedroom and to the right the bedroom for 
boarders. The latter room is of ample size to accom- 
modate four double beds and contains from four to six 
windows. Directly in the rear of the !f!ving room, in 
the ell, is the kitchen with an exit to a small rear 
porch and to the yard. Cleanliness of every portion of 
the building end surroundings is imposed upon the ten- 
ant by the contractor. 

In the quarters for laborers without families the 
buildings are arranged as barracks and dormitories. The 
former are generally divided into rooms containing two 
double and one single bunk, provided with excelsior 
mattresses; the charge is $1.50 per month in four of the 
harrecks. and $2 per month in the other four. there 
being eight in all. At these barracks the occupants 
turnish their own food and bed coverings, but are fur- 
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nished with stoves and fuel by the contractor. At the 
dormitories, which are mostly occupied by skilled work- 
ers without families, double and single rooms are pro- 
vided. These rooms contain beds instead of bunks, and 
the men take their meals at the dining hall, the charges 
for board being $20 per month for double rooms, and 
$22 per month for single rooms, Plenty of water for all 
purposes is provided at the barracks, and at the dormi- 
tories shower baths are installed. 

There were in all 130 cottages at the camp with two 
others under construction. The following table shows 
the size of the cottages and the nationality of the oc- 
cupants: 

Number of cottages with 





6 5 4 8 
Occupied by Rooms. Rooms. nae. Rooms, a as 


Americans (white). 1 1 } 4 4 

Americans (negro). .. a 

TRAEIAME n.ccicccseces | 64 1 70 

Slave and Poles.... .. Ae 3 es 3 

Austrians ... mt tete ee ee 1 ae 1 
| Se ‘3 5 89 34 130 


In the majority of the cottages boarders are taken. 
This is practically universal among the Italians, occurs 
frequently among the Negroes, but in only a few cases 
among. the American tenants. Thus boarders were taken 
by all but two of the 70 Italian tenants, by seven out 
of 21 Negro tenants, but by only four of the 35 Ameri- 
cans. The four Austrian, Slavish and Polish tenants 
all took boarders. 

Four of the eight barracks have four rooms and four 
have nine rooms. One four-room barrack was occupied 
by Negroes alone, but the other seven were occupied 
by different nationalities (including cok oon in various 
combinations, but always, however, with separate rooms 
for each nationality. 

Neither living at the camp nor trading at the store 
is compulsory; a considerable number of employees board 
at farm houses, boarding houses, summer hotels, etc., 
in the vicinity of the work. At a dozen boarding houses 
in the vicinity of Brown's Station which have boarded 
employees of the contractors the pe yt, | rates were 
charged: At three $20 per month; at one, $7 per week; 
at two, $6 per week; at two, $5.50 and $6 per week; 
and at four $5 per week. Smaller camps are also main- 
tained at South Wing, Lawson Hill and East Dike where 
sanitary precautions are rigidly maintained, No main 
sewers are provided, but cesspools that are cleaned at 
frequent intervals are used instead. When it is under- 
stood that all buildings at these camps must be de- 
stroyed or removed upon the completion of the contract, 
no surprise is felt that the contractor should prefer 
that as many men as possible find boarding houses off 
the job. It is expected that the coming summer will 
find some 3,000 men at work on this contract, which 
means a camp village of at least 4,000 persons, and 
facilities must be found or created for accommodating 
as many of them as desire to live at the camp. 

Much has been said and written about the company 
store and the ‘“‘brass check’’ system of wage payments. 
When a man goes to work on this contract he is as- 
signed a number, he can obtain board at numerous 
places where he will be with people of his own national- 
ity; or, he can live at one of the barracks and board 
himself; or, he can live at the company’s boarding 
house where the price is the same to all. Should he 
want to purchase anything he can, if provided with 
funds, purchase at the company store or of Levi Elmen- 
dorf at the station or of Frank Vittervitz at Tongor, or 
of one of the many peddlers who have permits to trade 
at the camp. Should he wish to go further he can pur- 
chase at Shokan or Kingston. Should he be without 
funds or, having worked a dty, desire a loan with 
which to purchase necessities, he can apply to the pay- 
master at the office and obtain a paper check which 
represents a loan, without interest, on his wages earned 
but not ‘yet due, and is good for its face value at the 
company store; if any change is due, after the purchase, 
it is given in brass checks (of which there are five, 
numbered 1, 5, 10, 25 and 50, representing cents) which 
can again be used at store at their full face value. 
Money is not given in change unless money is paid for 
the article purchased; in other words, if cash is paid 
cosh is given in change, if a paper order is given brass 
checks are given in change. The reason for this is 
obvious. Intoxicants must be kept from the men as 
much as possible and gambling is strictly prohibited. 
The men can buy everything necessary at the store, but 
they cannot buy liquor. They can exchange the 
brass checks for cash at the office on pay days, but 
cannot turn in more than they have drawn out nor can 
the checks be exchanged for cash by non-employees. 
They sre worth 100 cts. on the dollar for everything 
needful but are of little or no value to outsiders, How- 
ever, cases have been noted when some man had more 
than his share of checks which he was willing to sacri- 
fice at less than face value and the purchaser (not al- 
ways an ae has traded them in at the store. 
The use of these orders and checks is in no way com- 
ulsory as the contractor pays weekly in cash and the 
Dest evidence that they are not u as a “system of 
wage payment” lies in the fact that during July, 1908, 
when the (so far) maximum force of 1,961 men was at 
work there was less than $1,000 worth of these checks 
in circulation, or about 50 cts. per man. However, the 
use of these checks even to the present moderate ex- 
tent constitutes a technical violation of the cash pay- 
ment of wages law as they are charged against the 
Money earned and are thus a payment of wages and 
they are not cash under the terms of the Labor Law, 
although they are current cash at the camp. There is, 
therefore, no alternative to forbidding their use. 

By the terms of the contract the contractor is under 
bonds to protect the community in which the work ifs 
located against paupers, etc. He cannot be expected to 
make an indefinite number of small loans without ‘se- 
curity (although he does so without interest) and the 
only security possible is that given by the wages 
earned. If loans are made in cash it immediately opens 
the way to ‘‘bootleggers,’’ gambling, etc., in camp. On 
the other hand, if the contractor pays strictly in ac- 
cordance with the terms of the law a new employee 
must wait for from one to two weeks without funds 
other than what he brings with him. And inasmuch as 
meny of the new employees reach camp in the spring 
and summer with little or no money they are apt to be- 
come a menace to the community and the contractor 
becomes liable. It is entirely impracticable to install 
a system of credit at the store. No one can expect a 
business firm to give indiscriminate credit without se- 
curity, and again comes the fact that the only security 
thet can be given is the money to become due, and, 
under the law, charges. for groceries, etc., are not a 


legitimate offset againet wages earned (see Sec, 13 of 
Labor Law) and security if given under these cir- 
cumstances would prove legally valueless. The only 
other plan that appears in any is for the 
contractor to advance daily in cash, for a period of one 
month, at least one-half the wages earned. This amount 
should be sufficient for even the lowest grade of un- 
skilled laborer to maintain himself, and at the expira- 
tion of one month these advances could eut off and 
the man paid weekly, for by that time, if he is sober 
and industrious, he will be able to get along without 
further loans. The bookkeeping made necessary by this 
plan should not exceed that which is already made neces- 
sery by the issuing of the paper checks. 

At this point it might be proper to mention that there 
are no padrones connected with the contract and all 
money earned is preserved to the employee, excepting, 
of course, that which he naturally cares to spend. Some 
men were obtained from employment agencies in New 
York City during the past summer, including the infor- 
mation bureau of the United States Immigration Service, 
but the larger number of men came directly to the job 
of their own volition. 

In accordance with the contract, and with the desire 
of the contractors, sanitary conditions are maintained. 
At many conspicuous points, in and about the camp, the 
following notice is posted in English and Italian and 
is also made part of the permits issued to peddlers: 


Pursuant to the statute in such case made and 
provided, and in compliance with the conditions of 
the contract between us and the City of New York, 
public notice is hereby given that no wagon or pack 

dier, no canvassers, solicitors, or agents, no 
ivery or peddling wagon will be permitted to enter 
upen any property occupied or controlled by us or 
under our control pursuant to the provisions of our 
contract with the City of New York for the con- 
struction of the Main Dams for the Ashokan Reser- 
voir without — permit in writing, duly issued 
by us. Reliable and responsible tradesmen will be 
furnished with the necessary permit on their appli- 
cation in writing and upon their agreeing to comply 
with the following conditions: 

(1) No peddier, agent, person or corporation shall 
sell, give away or carry any intoxicating liquors of 
any character upon or about the ground or works 
embraced in our contract, or in or upon any of the 
ground occupied or controlled by us. 

(2) No peddler, agent, person or corporation shall 
carry or offer for sale any vegetables, meats, fish, 
milk, provisions, food or drink which are not in all 
respects strictly fresh, and properly iced and carried 
in covered conveyances so protected that no substance 
sanvege thereby shall be exposed to sun, dust or 


flies. 

(3) No peddler, agent, person or corporation shall 
buy or attempt to buy, trade, bargain, barter or ex- 
change in or for any brass, copper or other metals, 
rope, rubber, leather, wood, coal or lumber, or any 
material commonly called junk, nor shall he, they or 
it pick up or take away any of the above 
materials, 

These conditions are in accordance with the pro- 
visions of our contract with the City of New York, 
and are made necessary to safeguard the health of 

our employees, and to comply with the strict sani- 
tary restrictions under which we are bound by our 
contract with the City. The restrictions as to trade 
and barter in junk are made necessary because of 
the enormous losses of fittings for pipes, brasses for 
engines and of brass and other castings, small tools 
and miscellaneous supplies. 

The public will appreciate the fact that the area 
covered by our contract makes it impossible for us to 
pare sufficient watchmen to guard against these 
osses, ; 

If any person to whom a permit has been issued 
shall violate any of these restrictions or conditions 
the permit will be summarily revoked. ; 

Mac Arthur Brothers . and Winston & Co. 
Dated July 10, 1908. 


To this notice is appended a list of 18 persons from 
Brown Station, Kingston, Shokan, Tongor and West 
Shokan to whom permits have been issued to peddle 
at the camp groceries, baked goods, meats, fruits and 
vegetables, dairy products, clothing, etc. 

A comparison of prices at the store should satisfy 
anyone that they are neither exorbitant nor unreasona- 
bl A few articles are herewith mentioned as illustra- 









tive of all. 
Cost. Selling price. 
—_"—_7" 
Article. Price. Unit. Price. Unit. 
We ee cee $0.75 doz. $0.10 pair 
.25 ae 15 cry 
2.00 “ 25 ee 
Gloves SS ates -50 “i 
9.00 “ 1.00 rs 
13.50 o 1.50 id 
Underwear 450 “ .50 garment 
9.00 “ 1.00 
1200 * 1.50 ey 
Shoes 1.85 pair 2.50 pair 
2.00 “ 2.75 fd 
3.00 “ 4.00 - 
3.50 ti 5.00 oe 
OME SE inven s cecacs 8.50 acs | 1.00 piece 
9.00 “ -50 si 
Work shirts........... 450 “ .50 vi 
9.00 * 1,00 “o 
Rubber boots ........ 4:50 pai 5.50 pair 
CRE. lacs nes heaca cca 18 = Ib. -20 Tb. 
Sau -25 * 
Salat 35 = 
Ge SSE ARTE pel ae weet .40 = 
.35 il .50 cid 
.5O “ .15 “ 
WE ivcdescrenncs ~ Bie .38 re 
My Citas spuw bode sce 32 doz. .38 doz. 
Bacon ye 14 Tb. 18 Tb. 
DEE nS canes i + ae *.20 x 
California ham ca 2 Tite 10 — 
Tomatoes ... 1.00 doz 12 can 
ea ee f BS ties 10 es 
Baked beans .. 90 “ see ey ne 
Potatoes ..... ‘ .90 bu. 1.25 bu. 
ee cs neo 0.63.05 » A ei -06 Ib. 
Porterhouse steak .... .... «... 22 as 
Rib roast beef........ a ats. aadiel 18 m 


*Sliced; whole 16 cts. 


The above prices do not include freight, cartage or 
any expense of storage or handling in the store. Freigh' 
rates to the camp exceed rates to Kingston by 12, 11, 9 


and 7 cts. per 100 Ibs. on first, second, third . - 
class rates 3 ~— 
Three schools are maintained at the camp. 
evening school which was opened in Novem. - 
cordance with the following notice, which, . a 
Russian, Polish, Slovak and Hungarian, was ‘po = 
the camp: 
“Notice: 


The Evening School for Laborers Will Be 0 
Monday, November 4, 1908, at 7.00 o’clock 
All Those Who Wish to Learn the English 
guage May Take Part in the Lessons,” 
Although the Italians have formed a Major th 
attendants at this school, all of the other na: Mon 
have been represented. The enrollment from \ es 
Dec. 22 was between 60 and 70 with an ay: “a 
tendance of 34. ‘ 
the contract for the main dams of the 
Reservoir wes let, there was one school in ¢! 
of about 20 pupils, situated near Brown's Sta: 
the increased population caused by the work t 
school in an overcrowded condition during th 
term of 1908. This condition was adjusted in . 
when Mr. J. O. Winston had built and equipped fa 
house at the camp and a second teacher secured thie 
district. During the fall term the number . ils 
continued to increase so that a third teacher « er 
a. The three teachers now have under the: . 
pupils ranging from 6 to 15 years of age, , 
45 are of American (white) 34 of Italian, 11 of 
3 of Austrian and 2 of German parentage. 
In the same building with the “Camp Scho ere 
is maintained by the Society for Italian Immi: ; 
kindergarten, which now has 30 children on 


from to 5% years of age. as 
Plans are now being prepared by the contr to 
double the size of the school building, and in the ;.; ae 


a day school will also be held for the night shir; 

A transcript from a December payroll shows th: zes 
paid on the Ashokan Dam work in a great yar. 
occupations. In the majority of cases wages 
by the hour, in some by the week and in only 
i the day. In the following summary tho 
rates per week* and per day are es recorded iy 
payroll, but for the hourly rates equivalent rates /., 
eight-hour day have been used. For those occupa‘ io; 
in which more than six employees are represente 
erage rates have been computed. 


RATES OF WAGES ON ASHOKAN DAM WORK 
IN 1908. 


av- 


Per day. Per week 











Occupation. ae ian 
No. Rate. No. Rate 
DE n.s ce 400s obi Pact eteese’ 1 2.00 
Sas wade cane sees eyeeee dc ie A «$19.19 
oe Save 1 13.55 
Bumere, aeeistant ........06ci0e ss bs 3 11.54 
SR. Wes pnccetubicaceccs 1 4.00 ; 
1 3.20 
4 2.80 
1 2.60 
2 2.40 
pan, ©) Seer 9 2.87 _ 
Blacksmiths’ helpers ......... .2 1.60 Be, 
1 st faa : 
Boarding-house manager ,........ ver 1 20.79 
OE 6 iirc be 5 WSs ho oh bcc oe a 40.38 
on hE TT Pe |e ee 1 1.00... _ 
Boys, cableway bell........... 1 1.60 
2 1.40 
1 1.32 
DOvG,, SOMIROUED 25. HES i decd cs 1 1.20 
BOGS, WOE Btsbs cc saveccsccecs 5 1.00 
5 -80 
RVOEOGS ba od <0 6 edhiiies coecncs 10 .90 a . 
MN on sphnnsn<cting ae sedaeas 3 1.60 ae : 12.41 
2 St ae 
SIE 6b Ninna heed ins dhe's es. ue ee 1 13.55 
Cableway hooker “as 2.00... ‘ 
Carpenters ........ oe - 4.00 
1 3.20 
11 2.20 
2 2.40 
1 2.20 
8 2.00 
Ser er 25 2.60 
Carpenters’ helpers ............ 1 1.80 -_ ee 
1 1. - 
CI SMO, cts ocanas cénccvec es diam 1 15.00 
oo PR ae Pag ES rr 1 $20 .. ger 
Channelers’ helpers ........... 3 200... awns 
ee ee aero perm Wate 1 48.46 
oe bene 1 46.15 
sbuc 1 22.2 
Re 1 20.79 
é aah 1 17.31 
es eeve 1 11.29 
NE. Stn dccpue des bienes dhaeenKe Oa 13.55 
es eke 1 10.38 
Ge, QRONUINE . go cdc cdecc¥aoece ss ieee 1 15.80 
Sickie 1 10.61 
a fara | 10.16 
Clerks, credit ......00..cseeees os ae Ce S| 
as ice were sw dias Se Tame LP | 
CHOPS, TOCOIWIDG . ...ccccccccece a wipe 1 15.80 
COSI, - CIOED pies oh 08 Os 6 coeds baecs ie 4 15.0 
“a ca 2 180 
= Gin 5 I1L9 
COMM, « CUE oa sca ccccndad os fae 2 «(1886 
Average—Clerks ............ sane at 6|=—(«18.98 
Coachman .......... Snotiacdaes 1 1.50 a ee 
Commissary manager ........... eal, i ae 
___, OPES inns aoe eur athe 6 $< wens 3 
Cranesman, steam shovel........ ire i 16.8 
Crusher feeder ................ "i -2.00 seer 
1 1.60 eee 
a a Coe gee aS ee 
NE re Se 5s Sen cs ones bios es Ge 
Meee ere eee 7 8.00 vee 
8 2.00 sess 
1 1.80 eee 
AVOERDR (aiv'd v0 ca Gees seve + 16 2.43 oir 
“pug 38 Jou exe ys0m Jo Shep uoses 10 x|s 99504 
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a ‘ P EN 
Elec s er day. G I 
Elect we — Per N 
Dk i agsistant Bs eg No. Rate. N week. EERING 
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near Cleveland. The report of Mr. H. F. Ball, Super- 
intendent of Motive Power, indicates that they were not 
satisfactory for heavy service, but had some advantages 
for switching, cwing to the entire absence of black or 
gray smoke and very few cinders. They were hard 
to ignite, which, added to the high ash content of the 
coke, and the size of the briquettes, made it difficult 
to maintain a good fire. 

Briquettes made from mixtures of gas-house coke and 
Illinois screenings were tested in switching service by 
the Missouri Pacific Ry. at St. Louis. They gave better 
results than those made from coke breeze, Even with 
those containing 50% coal, however, there was always 
an interval of time directly after firing when the steam 
pressure would fall. If the engine was working this 
was objectionable. No smoke was discernible even when 
the blower was shut off, 

In June, 1906, the Rock Island Ry. became interested 
in the use of briquettes and 100 tons of Hartshorne 
(ind. Terr.), slack were briquetted and shipped to Chi- 
cago for test. The report of Mr. C. A, Seley compared 
these results with Illinois lump coal used in freight ser- 
vice and indicated an average in the coal consumption 
of 26.2% in favor of briquettes. The observer's notes 
on these tests stated: 


The briquettes did not ‘“‘honeycomb’’ the tube sheets 
sufficiently to give any trouble, and this slag was not 
as hard to remove as with Illinois coal. The ashes from 
the briquettes did not clinker. The nozzle could be in- 
creased %-in. and still produce a sufficient draft. This 
fuel burns with an intense heat, much like coke, and 
the depth of the fire is easily regulated. On arriving 
at Joliet, an inspection showed fire next to the grate, 
which would not be the case with coal. A slight puff of 
black smoke appeared only when briquettes were fired; 
this almost immediately disappeared, a desirable feature 
for suburban service. 


The general interest awakened by these preliminary 
tests warranted the government in making more exten- 
sive records, and the cooperation of the Rock Island, 
Missouri Pacific, Burlington and Chicago & Hastern 
Illinois railways was sought. The samples, varying in 
weight from 100 to 400 tons, were shipped to St. Louis 
and briquetted on the English and Renfrow machines in 
about equal amounts, using from 6 to 9% of water-gas 
pitch binder. The briquettes were consigned to the 
railway and loaded through its coal chutes in the usual 
manner in which coal is handled. Where the briquettes 
were soft, care was taken to handie them with coke forks 
in weighing onto the tender. The water tanks were cali- 
brated and the water measured as used. Flue gas analy- 
ses and front-end and furnace temperatures were taken 
during the run. Carefully selected samples of fuel, ash 
and cinders were shipped to St. Louis and analyzed. 
Steam pressure, feed water temperature, leakage, smoke, 
condition and thickness of fuel bed, method of firing and 
draft were recorded. The same engine, and (as nearly 
as possible) the same crew were furnished by the rail- 
way for all tests on that road. At the end of the run 
the condition of the engine was noted, and the test 
written up. 

Comparative tests were made on lump coal from the 
same mine as the slack shipped from Oklahoma, Kan- 
sas and Missouri. A condensed summary of the re- 
sults of these tests is given in the accompanying table. 
A record of tests on Carterville lump and mine-run coal 
made by the Burlington Ry. is included for comparison 
with the tests of briquetted slack from the same dis- 
trict. Noting the equivalent evaporation per pound of 
fuel as fired, it will be observed that in nearly all cases 
the rate is in favor of briquettes. 

In the case of the tests of Illinois coal on the Burling- 
ton Ry., all of the fuels are from different mines and 
are therefore of comparative value only when their cost 
is taken into account. The Burlington tests with Mis- 
souri coal show practically the same results with bri- 


ciency of about 15%, while the Kansas briquettes show 
25% increased evaporation over lump coal, The causes 
to which may be attributed the variation in results of 
the various fuels tested are discussed further on. 

The density of the briquettes is of prime importance. 
Harder briquettes do not break up so easily and they 
burn more slowly in the fire. By this means the vola- 
tile combustible is driven off more nearly at the rate 
at which it can be burned with greatest economy, and 
the briquettes form coke during the process of combus- 
tion even though made with an otherwise non-coking 
coal. This is more essential with high volatile than 
with high carbon coals. 

With the harder high volatile coals of Iitinots, the 
tendency of the lump coal to break up in the fire is 
less than with the more friable low volatile coals of the 
Appalachian field. The eastern coals also produce much 
more slack in handling, so that the main objection to 
their use as a railway fuel is the percentage lost through 
the stack and the coking of the coal in a mass in the 
firebox, The Arkansas and Oklahoma coals have similar 
characteristics. With well made briquettes from these 
good coking coals, the briquettes coke separately and 
do not run together in the fire. 

It was thought necessary to break the Arkansas 4-lb. 
briquettes before firing, but the same briquettes made 
from Hartshorne and Loydell coals were fired whole and 
burned with good results. The 8-ounce briquettes did 
not give as loose a fire, and could not be fired with 
such a heavy bed when made from Illinois coal. It 
must be observed in this connection, however, that the 
more friable coals can be made into better briquettes 
with less pressure than the other coals tested. The 
whole value of the briquette is due to its uniform size 
and freedom from slack in handling. These statements 
are born out in the tests of Illinois and Missouri coals, 
where the lump coal did not break up badly in hand- 
ling, while the briquettes used on these tests produced 
at least 15% slack, which was naturally very fine; a 
considerable portion being lost through the stack. The 
fuel could not be wetted down, as uniform conditions 
had to be maintained for test purposes. 

These coals do not readily coke, so that while a 
poorly made briquette would hold together if made from 
the eastern coal, it would tend to disintegrate when 
made from these coals. It was necessary, therefore, to 
fire with a thin bed, as the fine coal would cause heavy 
clinker to form and cut off the draft when a thick fire 
was carried, It was the usual experience that the bri- 
quettes made no objectionable clinker and the ash was 
finely divided and easily shaken through the grates. 
This is to be expected from the manner in which the 
coal is prepared before briquetting, and from the uni- 
form distribution of the slag-producing elements of the 
ash (such as iron pyrites) throughout the briquette. 

The reduction in cinders and sparks by briquetting 
depends on the quality of the coal as well as the density 
of the briquettes. Certain coals, like the Loydell coal, 
produce a fine scale of coke in burning which is often 
loosened from the surface of the briquette by the action 
of the draft and carried partially burnt through the 
stack, With Hartshorne and Arkansas coals the coking 
is very different in character, probably due to the higher 
ash content, and these coke scales are scarcely noticeable. 
The same difference was noticed in burning briquettes 
made from Pocahontas coal and ‘“‘bone coal” picked 
from the mine-run coal. The latter was high in ash 
and the scales were greatly reduced. The results at 
Altoona showed no appreciable reduction in the weight 
of cinders from briquettes, but a decided reduction in 
their calorific value. 

In general the following advantages may be claimed 
for briquettes made from bituminous coal over the same 
coal not briquetted: 








11. Less cleaning of tubes, 
12. Less labor in firing, hence 
13. Greater efficiency of fireman. 

14. Less draft needed. 

15. More uniform steam pressure. 

16. Steam pressure can be increased more , 
17. No Hability to spontaneous combustion. 
18. Availability for storage without deterior: 


Humidity and Mine Explosions 
By H. N. EAVENSON,{ M. Am. Inst. \ 


It has long been a matter of common opini 
mining men that mine explosions are more 
during the colder, or winter months, than d 
warmer ones, and it is a matter of common k 
among them that the air-ways and road-ways 
mines are much drier and are more inclined to 
during the winter than during the summer. 
mines, places which are wet and sloppy in the 
are dry and sometimes dusty during the winter 
changes, of course, can only be due to atmosph« 
ditions, and are caused by differences in tempera 
humidity. Until recently, however, very little « 
has been paid to the part that atmospheric co 
may play in mine explosions, or, rather, to th 
they may have in rendering mine conditions p 





astrous the effects of what would otherwise pr. 
have been small explosions. 

To show the difference in mine conditions durin: 
mer and winter months, I have collected the res 
24 observations of hygrometric conditions at di 
times of the year in several different mines, most 
cated in the Pocahontas coal region, in McDowell © 
W. Va., one being a shaft mine and the others drift 


of these are mines of -fair size, but none of them has 


6. 


© and 
enuion 

1ons 
effect 


eculiarly 
dangerous, and in spreading and rendering mor 4 


i 
dis- 


bably 


sum- 

ul ts of 
fferent 
ly lo- 
ounty, 
All 


been in operation more than six years, and none of them 
has the amount of air in circulation that it will ulti- 


mately require. The conditions given are not ex 
of temperatures, but are fair averages for the seas 


xtremes 


asons of 
the year in which they were taken. The temperatures 


and humidities are not averages for the entire day, but 


are averages of two determinations taken at the 


same 
time during the day. 

The figures showed that, during the winter months, 

water is removed from the mines, by the ventilating cur 


rent, at rates of from 21 to 69 tons in 24 hours 


Ss, and 


that in the summer months “it fs deposited in the same 


mines at rates of from 12 to 33 tons in 24 hours. 


There 


were extreme differences shown in the amount of aqueous 


vapor present in the air of one mine, between s1 
and winter conditions, of more than 100 tons 
hours. 


immer 
in 24 


Unless one is accustomed to considering the amounts 


of moisture present in the atmosphere, at all 


times, 


these quantities are startling, but the observations can 


easily be duplicated by any one interested at trifli 


ng ex- 


pense. Can any one doubt that, if coal dust by itself is 


explosive as now seems proved, the removal of 
amounts of moisture from the mine air, in mines 


these 
apt to 


be dusty, may remove the balance and convert a mine 
ordinarily safe into one liable to cause a terrific ex- 
plosion, if anything should happen to raise the tem- 


perature to the explosion point of the dust? 
For the purpose of determining the relative 


occur- 


rence of explosions, I have compiled the explosions 
caused by gas or dust in which five or more fatalities 
have occurred, and which have been officially reported 


in Canada, Mexico, and the United States. No exp 


or fatalities caused by fires, wrecks, falls, etc., 


losions 
have 


been included, as it is inconceivable that atmospheric 
conditions could have affected such occurrences to any 


appreciable extent. By far the larger proportion 


of ex- 


plosions and of fatalities has occurred in the eastern part 














quettes and lump coal, while the Indiana coals offer the 1. Coniparative ab } of the United States, in the Appalachian region, as was 
same problems in briquetting and show the same char- = Uniformity of sive and, quality to be expected, considering the relative production and 
acteristics in burning as Illinois coals. 4. Increased furnace and boiler efficiency. number of mines of this section and of the remainder 
The most representative tests, and therefore the most eg ee of per eae a of the country. An analysis of these explosions sepa- 
. More fuel can urned per sq. ft. of heating 
accurate expression of what may be accomplished with surface, hence greater capacity. *From a discussion of a paper on ‘(Humidity and Mine 
well made briquettes, are the tests made on the Rock 7. Less slack in handling fu Rxplestons, ” by Mr. Carl Scholz, M. Am. Inst. M. E., 
Island and Missouri Pacific railways with Oklahoma and 8. Less clinker and ~~ Hyg printed in the “Bulletin” of the American Institute 
- ls. The Rock Island tests show an increased 9. Longer life of grates. of Mining Engineers, issue of June, 1909. 
Kansas coals. 10. Fires can be kept up for longer periods without {Chief Engineer, U. 8. Coal and Coke Co., Gary, Mc- 
equivalent evaporation of 8% and increased boiler effi- cleaning. Dowell County, West Virginia. 
TABLE SHOWING RESULTS OF COMPARATIVE TESTS OF COAL AND COAL BRIQUETTES FOR LOCOMOTIVE FUEL. 
Railway ........ ++ ——— Chicago, Bur. & Quincy ——c., BR. 1. & P— -——Missouri Pacific ——, ~fanew & E. Ill. —Chicago B. & Q.- 
Coal for test oe aaa District, Illinois Hartshorne, Okla in =a Kan. Sullivan Co., Ind. Bevier, Mo. 
Fuel tested ettes Coal Briquettes Coal Briquettes Coal Briquettes "Mine Briquettes *,-in. 
* washed” Unwashed 3-in.lump Minerun. Unwashed Lump Washed Unwashed Lump. run coal lump coal 
Proximate analyses; fuel as flired............. Ter eee see ones % wse% sees seee jsee tee nese wees 
MUNTG © cos chccdcins 000s <o0dee wwheseseecen 5.67 41 5.59 4.70 2 2.54 3.44 49 5.47 7.14 13.86 7.69 11.40 
Wel: combate 6 iin ba actA BAG 81.08 31.86 32.67 35.04 35. 36.98 ss 81.15 29.15 36.02 32.18 32.86 33.55 
Fixed carbon .....cccccccccccccences wees 30.75 51.38 52.80 47.14 50.74 53.97 47.33 49.81 44.18 41.90 39.52 42.12 
BRD iho vc kcs osvcsncedeesesenqes scenesvecss 49 11.35 8.94 13.12 11.51 6.51 0.90 19.03 15.57 12.66 12.06 19.93 13.93 
DURE con dc asanecngeescsssce oebsteousee 1.11 1.87 es ou evi 1, 1.75 3.67 4.43 4.80 3.63 3.48 4.50 5.78 
B. T. U. per Ib. fuel as Dethiis xis czGs agave 11,969 12,163 13,015 13,681 13,083 11,713 11,422 11,711 10,553 10,429 10,556 
Fuel consumed per sq. ft, of grate surface ; 
per hour, actual......... a pe YE 73.7 73.2 80.9 85.7 44.3 55.2 75.0 78.2 92.1 a4 53.0 71.0 63.0 
Water evap. per Ib. of fuel.............0e00 8.66 8.36 8.99 8.15 9. 8.34 8.84 8.89 7.13 6.77 7.00 6.81 
Water evap. per Ib. of dry fuel....... 9.09 8.86 9.52 8.56 9.20 8.56 9.15 9.12 7.54 0 7.86 7.58 7.91 
Equivalent “ipa per sq. ft. of a surface / “ 
POP OUP .nccecvccsccccvsccdscvovccs 9.97 9.94 11.60 11.20 6.96 8.02 9.49 9.97 9.42 6.56 6.80 6.78 6.76 
Boiler HP. ” aeveioped... ee 792 780 912 873 522 599 813 854 809 469 485 604 ba 
Boiler efficiency we 69.5 66.5 ae a... 66.8 58.7 65.5 75.8 60.2 50.6 62.4 64.8 GA. 
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rate including in the Appalachian region, Nova Scotia, 
pen» ivania, Virginia, West Virginia, Tennessee, and 
Ala , is given in Table I.: 
TA! L—NUMBER OF EXPLOSIONS IN WHICH 
“. 3 OR MORE FATALITIES OCCURRED, AND OF 
cALITIBS CAUSED BY GAS OR DUST, IN THE 
PALACHIAN REGION OF NORTH AMERICA. 


m Oct. 2, 1871, to March 28, 1908, by months.) 


Average 
No. of 
No. of No. of fatalities Percentage of-—, 

h explo- fatal- r Explo- Fatal- 
c sions. ities. explosion. sions. ities. 
Januiry  seses 8 468 58.5 9.4 18.3 
Feb. :aFy seees 10 343 34.3 11.8 13.4 
M casneed 12 276 23.0 14.1 10.8 
Apri! «teases 4 30 7.5 4.8 1.2 
May icsacbares 11 341 31.0 12.9 13.3 
Tune «seal 3 : 11.7 3.5 1.4 
Waly ..ciecene ce 142 28.4 5.9 5.6 
Aucust «sees 2 12 6.0 2.4 0.5 
Sep:ember ..-. 6 52 8.7 7.0 20 
October .ceese 9 85 9.4 10.6 3.3 
November ...+« 8 79 9.9 9.4 3.0 
December ...+- 7 698 99.7 8.2 27.2 
Total wee 85 2,561 30.1 100.0 100.0 


ro ascertain the average atmospheric conditions over 
the area covered by the Appalachian region, I obtained 
from the U. S. Weather Bureau the average monthly 
temperatures and the average monthly actual humidities 
for each year from 1896 to 1907, inclusive, for the fol- 
lowing places: Lynchburg, Va.; Pittsburg, Pa.; Elkins, 
W. Va.; Knoxville, Tenn., and Atlanta, Ga.; these sta- 
tions being taken as covering the region fairly and being 
the ones for which records could best be obtained, and 
from these data Table II. was compiled. 
TABLE I.—AVERAGE MONTHLY WEIGHT AND TEM- 

PERATURE OF AQUEOUS VAPOR IN AIR, 1896 TO 


1907, INCLUSIVE. FOR THE SOUTHERN APPA- 
LACHIAN REGION. 


Average weight, in grains Average temperature, in de- 
grees F. 






r cu. 

January 0 tncnkenes Oe TN. ag oc on csviedp - 36.1 
February ....+++0- ere © WEEOUNES vcccticcens 34.4 
March ..cccccoctccce DOt March ...cisceessoees 47.1 
April <; cscesves GaSe S OR EE BE Sa tw tomccecee 53.6 
May .c.sccsevrseees SME. Vices cevcesceyvec 65.5 
JUMS 0. i fevsssceden oo GOR SUMO cscccece evetddus 71.8 
JOG cc ckcnxcisaes ge BET 15.7 
August ... 6.77 August ...... 74.7 
September .. 5.40 September 69.0 
October ......-- a Ul! lee 57.5 
November .....- ..--. 2.50 November 46.3 
December ...... «+++. 188 December 87.1 





During the five low-humidity months, 52.6% of the 
number of serious explosions and 62.4% of the fatalities 
caused by them, have occurred, and the average number 
of fatalities per explosion occurring in these five months 
was 38.3, against an average of 25.5 for the remaining 
seven months and of 32.2 for the year. 


Table I. shows that, in the Appalachian region, during 
the five low-humidity months, or 41.7% of the period 
covered by the table, 52.9% of the number of serious ex- 
plosions, and 72.8% of the fatalities caused by such ex- 
plosions, have occurred, and that the average number of 
fatalities per explosion occurring in these five months 
is 41.4, against an average of 17.4 for the remaining 
seven months, and of 30.1 for the year. 

These figures indicate that more serious explosions do 
occur during the colder or low-humidity months than 
during the warmer ones, but that the disproportion in 
numbers is not as great as is usually supposed. 

To see if this apparent tendency for explosions caused 
by gas or dust to occur more frequently during the low- 
humidity months extended to all such explosions, or 
only to the more serious ones, Table III. covering all of 
the data available, has been compiled. 


TABLE III.—COMPARATIVE NUMBERS AND FATAL- 
ITIES OF EXPLOSIONS OCCURRING DURING FIVE 
COLDER MONTHS AND REMAINDER OF YEAR IN 
PENNSYLVANIA, WEST VIRGINIA AND INDIAN 
TERRITORY. 








Pennsylvania. W. Virginia. Indian Ter. 
— _ 
at ne eo ©... &o 2 
a ce a ch 3s cK 
Ss 238 35 88 35 &8 
‘3 S "3 Sp ‘gs Sp 
ts 8s Us By USS CBS 
co. a... ee Za OR 
Percentage of time 41.7 68.3 41.7 583 41.7 583 
Percentage of ex- 
plosions ........ 414.6 584 580 429 47.8 52.2 
Percentage of fata- 
litien. “schema 589 411 838.3 167 438.5 56.5 


Ay. number fatali- 
ties per explosion 5.2 2.8 174 48 12 14 
From this study it is to be concluded that in the 

history of coal mining in North America serious explo- 

sions of gas or dust have occurred more frequently dur- 
ing the five low-humidity months than during the rest 
of the year, and that the explosions occurring during 
those months have been more severe and have occasioned 
More fatalities than the others. 





THE PENNSYLVANIA R. R. STATION AT NEW 
Yors City, deseribed in our issue May 24, 1906, p. 567, is 
hear.ng completion. On July 31 the last stone was laid 
on the exterior, Work on the interior is progressing 
we! It is now expected that all through trains of the 
Penasylvania into New York will be entering the station 
by the summer of 1910. 


A CONFLAGRATION IN OSAKA, JAPAN, July 31, 
burned over an area of 16 square miles, destroying 13,000 
buildings. Owing to a strong breeze and the failure 
of the water-supply, the fire burned for 26 hours before 
being gotten under control. 


es 
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A HEAD-ON COLLISION between two trains on the 
Spokane & Inland Ry. (electric), July 31, near Coeur 
d'Alene, Idaho, derailed several coaches and caused the 
death of ten persons and the injury of 6 others. The 
trains were made up of five cars each and were running 
at a rate of 15 mi. per hr. at the time of the collision. 

o epnscancnnniian 

A POWDER-MILL EXPLOSION wrecked two of the 
buildings of the Du Pont Powder Works at Gibbstown, 
N. J., July 29, and killed one workman. The explo- 
sion occurred in the gun-cotton house and completely 
destroyed it. A nearby structure known as the ‘‘Nyalite”’ 
building was destroyed by fire which was started by the 
explosion. 
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OBSTRUCTED VENTILATION IN A COAL MINE at 
Pittsburg, Kan., July 30, resulted in 40 miners being 
overcome by gas. Three of them are reported to have 
been fatally injured. The accident is ascribed to de- 
liberate interference with the ventilation by enemies of 
the Central Coal & Coke Co., which operates the mine. 
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AN EXPLOSION OF GASOLINE at St. Paul, Minn., 
July 31, killed six persons and injured as many others. 
The four-story building in which the explosion occurred 
was partially wrecked and a fire started in the ruins. 
The accident occurred on the second floor where experi- 
ments were being made with a device to be used in con- 
nection with automobile tanks. 


in 
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AN EARTHQUAKE IN MEXICO, July 30, affected 
from coast to coast the strip between Queretaro on the 
north and Oaxaca on the south. Fourteen deaths were 
reported and in addition about 20 persons were severely 
injured. The towns that suffered most heavily were Chil- 
pancingo and Acapulco, both in the State of Guerrero. 
At these places, many buildings were overthrown and 
the entire populations are reported to have taken refuge 
in the open. At Mexico City two shocks were felt in 
close succession, the first shock beginning at 4.15 a. m. 
The second shock was the more severe and lasted 90 
seconds. More than 2,00 houses in Mexico City were 
so damaged that they are untenantable. Reports state 
that, throughout large areas of the affected district, 
practically all growing crops were killed by the earth- 
quake and a heated condition of the ground which fol- 
lowed it. 





4 
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THE PHILADELPHIA BUILDING COLLAPSE noted 
in our issue of July 22, 1909, p. 107, has numbered two 
more victims, the total number of those killed being 
nine. 





> 





THE WRIGHT AEROPLANE, driven by Orville Wright, 
completed the contract requirements of the Signal Corps 
of the U. S. Army in a ten-mile cross-country flight with 
a passenger, July 30, between Fort Myer and Alexandria, 
Va. The course was over rough and wooded country but 
was made without incident. The average speed is re- 
ported to have been 42.58 mi. per hr. The trip was in 
opposite directions over a five-mile course, and this aver- 
age speed is obtained from records of 37.74 mi. per hr. 
against the wind and 47.43 with it. The government re- 
quirements were for an average speed of 40 mi. per hr. 
with a bonus of $2,500 for each mile per hour above that. 
Thus the Wright brothers will receive $30,000 for their 
flyer. 


o 
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A ZEPPELIN giant rigid dirigible balloon made a trip 
of 220 miles from Friedrickshafei to Frankfort, Ger- 
many, on July 31. The average speed was 21 mi. per hr. 
This voyage, while not the longest made by Count Zep- 
pelin, is considered the most successful, as no accident 
occurred and the trip was made part of the time against 
strong head winds. In fact, at one time, the wind pre- 
vented all progress, though the propellers were driven 
at a speed that normally would have given the airship 
a speed of 40 mi. per hr. 

An attempt was made to reach Cologne from Frankfort 
on Aug. 2, but a hard storm prevented approach nearer 
than 30 miles. 








STREET RAILWAY ACCIDENTS in New York City 
are decreasing, according to the monthly report compiled 
by the Public Service Commission. In our issue of Sept. 
10, 1908, p. 277, we published a table classifying these 
accidents for the first six months of that year in which 
the average monthly figures were as follows: Total 
accidents, 4,788; total injuries, 2,982; serious injuries 
and deaths included in the above, 212. The correspond- 
ing figures for April, 1909, just issued are: 4,170, 2,494 
and 177, respectively. 


SURREPTITIOUS ENTRANCE TO THE ALASKA- 
Yukon-Pacific Exposition at Seattle was obtained for some 
time by considerable numbers of people, it is reported, 
by means of a sewer which had recently been built 
through the exposition grounds. A manhole conven- 
iently located in the woods gave access to the grounds 


> 


A NEW PHENOMENAL TUNNELING RECORD is 
reported from the Loetschberg Tunnel. Record rates of 
advance had already been made in the newly-started north 
heading during April and May, 1909, but in June, 1909, 
the wonderful advance of 302 m. or 990 ft. was made in 
this heading The rock was a limestone During the 
same month the south (Goppenstein) heading advanced 
166 m. (545 ft.) im crystalline schists crossed by dykes 
of porphyry. [After “Schweizerische Bauzeitung.’’] 


ne 
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THROUGH A BIG SEWER BY AUTOMOBILE was the 
experience of city officials and others at Baltimore, Md 











a few days ago, when 16 automobiles passed for nearly 
six miles through the outfall sewer which leads from 
the city to the disposal works now under construction 
for Baltimore. Mr. Calvin W. Hendrick is Chief En 
gineer of the Baltimore Sewerage Commission. The M 
A. Talbott Co., American Bldg., Baltimore, Md., is the 
contractor for the outfall sewer. 
— --—- @- — 


DESTRUCTION OF ROADS by the old-fashioned carts 
in use in Cuba is charged by the government reporis of 


that republic. The particular cart against which com 
plaint is made is called a “‘carreta.’”” It is a clumsy 
affair with two large narrow-tired wheels set on the 


axle in such a manner as to permit a side play of 
Several inches. When the wheels are caught in a soft 
place the cart is swung from side to side until a rut 
is made large enough to permit the cart being pulled 
out. Ordinarily these wagons are loaded with 4 or 5 
tons of material which causes a tire pressure as high as 
2,000 Ibs. per inch of width of tire, an extremely high 
load, especially when it is concentrated on a narrow tire, 
and one which soon cuts through the best of road sur 
facing. Efforts have been made to legally prohibit the 
use of the carts but to date they have not been suc 
cessful, 


+ 
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THE AMERICAN EXPOSITION IN BERLIN will be 
held during the months of April, May and June, 1910, 
in the well-known Exposition Palace. Baron R. von 
Brandenstein, President and General Manager of the 
Exposition, Berlin, is chairman of the German Advisory 
Committee and Dr. George F. Kunz, of New York City, 
is chairman of the American Advisory Committee. An 
appeal has been issued by a committee of prominent 
American business men to make the exposition worthy of 
American manufacturers. They express the opinion 
that this exposition will offer to American industries an 
excellent opportunity to exhibit their products in Ger- 
many and to increase their foreign sales and that the 
exposition as planned will improve the commercial rela- 
tions between the German and American nations. The 
American headquarters, of which Mr. Max Vieweger is 
manager, are in the Hudson Terminal Buildings, New 
York City. 





+ 


AMOUNT OF COAL IN OHIO.—Mr. M. R. Campbell, 
of the U. 8. Geological Survey, in his report on the coal 
fields of the United States, estimates that there were 
86,028,000,000 short tons in the original coal supply of 
Ohio. The total production of the state to the close of 
1908 was 519,039,997 short tons, of which the 1908 out- 
put amounted to about 5%. This total production repre- 
sents an exhaustion of 779,000,000 tons, or 0.9% of the 
estimated original supply. 





+ 
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IRRIGATION IN PENNSYLVANIA is being tested on 
the farm of Henry Fusselman, near Spring Creek, ap- 
parently at the instance of the Allentown Rolling Mills, 
of Allentown, Pa. It is stated that the idea was sug- 
gested by Mr. R. H. Aldrich, who is engineer of the 
electric pump department of the mills named. A 600-gal. 
pump has been belted to a 15-HP. gasoline engine and 
forces water through two 5-in. mains, from which can- 
vas hose and ditches are being used to distribute water 
over potatoes, corn, and other crops on a 500-acre farm. 
The dry weather of the past few weeks has made this 
trial opportune. 





> 





THE COMMISSION FORM OF CITY GOVERNMENT. 


was adopted by Kansas City, Kans., on July 14. * At an 
election on the same subject held last year, the commis- 
sion plan was defeated by a majority of 882. It carried 
this year by a majority of 1,489 out of a total vote of 
7,211. The change in popular sentiment is attributed 
to state legislation meanwhile, which removed some al- 
leged defects in the general law authorizing the commis 
sion plan of government in Kansas. It is reported that 
this plan has now been adopted by Anthony, Hutchin- 
son, Independence, Leavenworth and Wichita, as well as 
Kansas City. The population of Kansas City, Kans., 
was 51,418 by the census of 1900; local estimates place 
it at double or more that figure at present. 
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THE UNIFORM CLASSIFICATION OF EARNINGS 
and expense accounts of water transportation lines has 
been under consideration for a year or two past by the 
Interstate Commerce Commission and some of the vari- 
ous water transportation lines. The American Steam- 
ship Association appears to be the chief corporation 
which has cooperated thus far with the Interstate Com- 
merce Commission. The Standing Committee on Ac- 
counts of the association just named has made up a 
“tentative classification of operating revenues and of 
operating expenses."’ This has been printed as Circular 
No. 27, Accounting Series of the Interstate Commerce 
Commission. 


4 
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TUNGSTEN-FILAMENT ELECTRIC LAMPS have 
just been placed on the market by the General Electric 
Co., of Schenectady, N. Y. (lamp works at Harrison, 
N. J.) for use on 200 to 250-volt circuits, There has 
been an unsatisfied demand for such types since the in- 
troduction of the 125-volt type, on account of the much 
lower efficiency of the best carbon-filament lamp availa- 
bie for the higher voltages, These carbon lamps had a 
power consumption ranging from 3.1 to 3.8 watts per 
c. p., while the new tungsten lamps operate at about 
1.25 watts, or the same as the low-voltage types. The 
brittle nature of the tungsten filament has heretofore 
made its production impracticable in sufficiently long 
and fine filaments for high voltages. It is to be expected 
that the 250-volt lamps are not quite as rugged as the 
125-volt types and these have required great care in 
handling and shipping. 





~~ 
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GRADE-CROSSING IMPROVEMENT has been con- 
ducted very actively on the lines of the Long Island 
R. R., partly by joint action with public authorities. 
In the last five years it has abolished 22% of its grade 
crossings. The total number either abolished or pre- 
viously protected is 51%. This is a higher percentage 
than other railways in New York State can show, which 
fact is in part explained by the large mileage which the 
Long Island operates in the Metropolitan district. The 
percentages of protected crossings on other important 
New York State lines are quoted for comparison as fol- 
lows: New York Central, 43%; Lackawanna, 43%; Erie, 
81%; Delaware & Hudson, 30%; Ontario & Western, 30%; 
Lehigh Valley, 20%. Roughly half of this improvement 
has been accomplished in the last five years. The total 
number of crossings of railways with highways in the 
state is 10,544, of which 3,676 are now protected. 


+ 
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MAXIMUM TEMPERATURES IN BEBHIVE COKE 
ovens have been investigated by Mr. J. R. Campbell, of 
the H. C. Frick Coke Co., Scottdale, Pa. A number of 
pyrometric tests were made on various types of beehive 
ovens in the Connellsville region. In an article in the 
“Engineering and Mining Journal’’ of July 17, 1909, Mr. 
Campbell presents the following conclusions drawn from 
these tests: 

Maximum temperature attained in: 


1. Small type of beehive ave with coal of low volatile 
matter (comparatively), 2,200° to 2, 

2. Large type of beehive ae. “ane high volatile matter 
(comparatively), 2,400° to 2,600° F. 

3. Large type of beehive oven and high volatile mat- 
ter (comparatively) with flue system for operating boiler 
plant, 2,700° to 2, F. 

From "which deduce (a) that a low-grade refractory 
will serve its purpose in No. 1, hence the longevity of 
this type of oven; (b) that this same material used in 
No. 2 fails of its purpose, hence come the many and 
manifold troubles of the present coke-oven builder and 
operator, caused by falling ovens; (c) that only the 
highest grade refractory will stand the heat of No. 3. 


+ 
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THE BALTIMORE SEWAGE TREATMENT WORKS, 
according to the just-issued 1908 report of the Baltimore 
Sewerage Commission, will include hydraulic tanks and 
percolating filters with nozzles designed to throw a spray 
which will cover a rectangular surface. This feature 
of the nozzles, combined with varying heads, is ex- 
pected to make it possible “‘to utilize almost every foot 
of the filter beds.’ The experiments at the sewage-test- 
ing station concluded Some months ago indicate that the 
secondary sand filters, recommended by the advisory 
engineers under the very stringent instruction given 
them, will be unnecessary. Provision will be made for 
secondary treatment of the sewage with chlorine as a 
disinfectant, if that proves mecessary. Mr. Calvin W. 
Hendrick, M. Am. Soc. C. E., is Chief Engineer of the 
Baltimore Sewerage Commission. 











> 


TO PREVENT DUST RAISING by motor vehicles is the 
object of an invention by Mr. Eugene Josenhaus, of 
Barcelona. A description of this device, which was 
given originally in the London “Times” and condensed 
in the ‘“‘Surveyor”’ of the same city, is as follows: 


The wheels of the vehicle are enclosed in a case which 
nearly reaches to the ground, the lower part being 
composed of india-rubber, canvas, or other flexible ma- 
terial, The edge of this screen is provided with metallic 
balls, which almost touch the road. From the rear part 
of this screen tubes are led to a suction fan, which is 
driven from either the engine, shaft or axle, and com- 
municates with the exhaust. By means of compressed 
air a fine jet of water is sprayed on to the Sate which 
is drawn from the case enclosing the wheels, and thus 
it is prevented from rising in the air. It would be 





rash to assert that this invention does not contain the 
possibilities, the germ, of prevention, but until more in- 
formation is forthcoming with respect to its practica- 
bility it would certainly not be wise to place much 
reliance upon it as the solver of the great dust problem. 
As at present advised it does not appear feasible that the 
solution will come from any such invention as this, 
however ingenious it may 


* 
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A CABLE RAILWAY OF 66% GRADIENT was re- 
cently opened for traffic in the Tyrolean Alps. It is near 
the village of Bozen, and leads up the mountainside to 
the Virgl terrace. The line is singletrack, with a turn- 
out at mid-length. The g?ge is 1 meter. The source of 
power is a 55-HP. electric motor at the upper landing. 
This is operated by alternating current at 550 volts, sup- 
plied by a high-tensi transmission-line from a hy- 
draulic power-plant. The cars have hand and automatic 
brakes, the latter having been proven, by tests, to be 
capable of stopping the car in less than § ft. 








+ 
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THE DAMAGING EFFECT OF FIRE on poorly-made 
concrete block was clearly shown in a recent fire in a 
building of that type in Murfreesboro, Tenn., reported 
on by the Tennessee Inspection Bureau. The building 
was of ordinary timber joist construction, 60 x 115 ft. 
in plan, and two stories high with a basement. The 
walls were of 10-in. single-opening hollow concrete 
block, with inner and outer shells ranging from 2 to 4 
ins. in thickness. The contents of the building were 
hay, sacked grain, feed, cotton and like material, all 
stored on the first floor. The second floor was a skat- 
ing rink, but as it was not in use at the time the only 
load on the walls was the dead load of the second 
floor and roof. The fire was not of exceptional heat 
as some of the timber joists and the sacks of seeds were 
not destroyed, but the effect on the walls was most dis- 
astrous. All of the walls above the first story collapsed 
and the front and rear walls were thrown down for 
their entire height. 

Examination of the blocks after the fire showed that 
they were made of good aggregate, but that little sand 
was used and that the cement content was entirely too 
low. In consequence the blocks were very porous and 
weak. In addition the poorest of mortar joints were 
used so that even in cases where the blocks stood up 
the joints failed, with subsequent collapse. In nearly 
every block the thin web connecting the front and rear 
walls was found to be cracked through. In conclusion 
the report says that the composition of the blocks was 
little better than slacked lime. 

This fire bears out in detail the experimental tests 
made by the U. S. Geological Survey and reported in 
our issue of July 15, 1909, pp, 77, 80, in that it shows 
the part that expansion plays in the behavior of con- 
crete blocks under fire. The real fireproof qualities of 
dense and thick-webbed concrete block are assured, but 
this very assurance gives a false feeling of security to 
those owners who are using cheap, poorly-made block. 








Personals. 

Mr. E. C. D’Yarmett, an engineer and contractor of 
Bartlesville, Okla., has removed his headquarters to 
Oklahoma City. 

Mr. W. J. C. Kenyon has resigned his position as Vice- 
President and General Manager of the Illinois Tunnel 
Co., Chicago, Ill. 

Mr. Chas. H. Kluegel, M. Am. Soc, C. E., has become 
Chief Engineer of the Hilo R. R., of Hawali, in charge 
of the Hakalau extension. 

Mr. H. W. Burkheimer has been appointed Master 
Mechanic of the New Orleans Great Northern R. R. to 
succeed Mr. F. Schledorn, Acting Master Mechanic, re- 
signed. 

Mr. A. 8S. Ingalls, Assistant General Superintendent, 
at Cleveland, Ohio, of the Lake Shore & Michigan South- 
ern Ry., has been appointed General Superintendent of 
the Chicago, Indiana & Southern R. R., with head- 
quarters at Gibson, Ind., to succeed E. Ryder, deceased. 

Mr. J. G. Neuffer, Superintendent of Machinery of the 
Illinois Central R. R. and the Indianapolis Southern 
R. R., has resigned. To succeed him, Mr. J. BE. Buker 
has been appointed Superintendent of the Car Department 
and Mr. R. W. Bell has been appointed Superintendent 
of Machinery in charge of the locomotive department. 

Mr. E. G. Connette, General Manager of the Worces- 
ter (Mass.) Consolidated Street Ry. Co., has been ap- 
pointed Transportation Engineer for the New York Public 
Service Commission, First District, at a salary of $8,000 
per year. He will have general charge of inspection of 
equipment and transit, of the investigation of accidents 
and of technical electrical matters. 

Mr. W. K. Hatt, Assoc. M. Am. Soc, C, E., Civil 
Engineer of the Forest Service, will represent the Forest 
Service at the congress of the International Association 
for Testing Materials to be held at Copenhagen, Den- 
mark, Sept. 7-11, and will investigate and report on cer- 
tain problems in wood preservation in Germany. His 
European address will be c/o Al Peters, 6 Unter Den 
Linden, Berlin. 





William Warren Lyon, Jr., Assoc. Am. In 


died July 30 at his home in New York City te 
was a graduate of Columbia University in :: 88 of 
1906. At the time of his death he was in the oy of 
the New York Public Service Commission. 

Henry M. Putney, Chairman of the New pshire 
State Board of Railway Commissioners, died 31 at 
his home in Manchester, N. H., at the age of years. 
He had held the chairmanship of the State 4 of 
Railway Commissioners continuously since 

Carleton H. Wells, President of the Texas ithiec 
Co, for the past five years, died July 18 at h ne in 
Dallas, Tex., aged 44 years. He was born Lake 
Mills, Wis., and was for several years engaged con- 
tractor on the construction of railways, buil’ -s ang 
water systems in that state. About ten ago 


he went to Massachusetts and interested himse: in the 
paving industry. He removed to Shreveport, i... jp 
1904 and changed his headquarters from that «ity to 
Dallas, Tex., the following year. 

David H. Gildersleeve, M. Am. Soc. M. E., dicd July 
30 at the home of his mother in Brooklyn, N. y. mr. 
Gildersleeve was born at Tenafly, N. J., in 1% 


‘, @ 
graduated at Stevens Institute in 1889. A ale 
after his graduation he enlisted in the U. S. Corps of 
Engineers and, with the rank of first lieutenant, serveg 
throughout the Spanish-American war. After tho close 
of the war he was detailed to the Department of Havana 
under General Ludlow, and took part in the work of 
putting that city in a sanitary condition. Five years 
after the close of the war he left the Engineer Corps and 


became Sales Manager and Assistant to the President of 
the C. W. Hunt Co. About one year before his death 
he became a partner in the firm of Waters, Gildersleeve 
& Colver, of New Brighton, Staten Island. 


COMING MEETINGS. 


NATIONAL IRRIGATION CONGRESS. 
Aug. 9-14. Annual meeting at Spokane, Wash. Secy., 
B. A. Fowler, Phoenix, Ariz. 


ee BOILER “MANUFACTURERS’ ASSOCIA- 


Aug. a 4. Annual convention at Detroit, Mich. 
Secy. D. Farasey, E. 37th St. & Erie R. R., Cleve- 
land, ‘Ohio. 
LEAGUE OF AMERICAN MUNICIPALITIES. 
25-27. Annual convention at Montreal, Can. 
ne John MacVicar, Des Moines, Iowa. 


ASSOCIATION OF EDISON ILLUMINATING COM- 
PANIES. 


Aug. 31-Sept. 2. Annual meeting at Briarcliff Manor, 

N. Y. Secy., D. L. Huntington, Spokane, Wasb. 
TeAvaLlee ENGINEERS’ ASSOCIATION. 
t. 7-10. Annual convention at Denver, Colo. Secy. 

. O. Thompson, N. Y. C. Car Shops, East Buffa 0, 
NEW BNGLAND WATER-WORKS ASSOCIATION. 

bay 8-10. Annual convention at New York City. 

y. eecy-» Willard Kent, 715 Tremont Temple, Boston, 








UN PRERACEONIAE: ASSOCIATION OF MUNICIPAL 
ELECTRICIANS. 


> t. 14-16. Annual convention at Spastic City, N. J. 
Frank P. Foster, Corning, N. 
MICHIGAN GAS ASSOCIATION. 
ge ey 14-17. Annual meeting on eg steamer sailing 
rom Detroit, Mich. Secy., A. P. Ewing, Gas Office 
Bldg., Detroit, Mich, 
AMERICAN a ee OF MINING ENGINEERS. 
Sept. 16-Oct. 12, —, convention and excursion on 
special rain? starting a ll. Secy., R. W 
Raymond, 29 W. 39th St, New York City. 
AMERICAN STREET & INTERURBAN RAILWAY AS- 
= TION. 
Oct. 4 Annual convention at Denver, Colo. Secy., 
Bernara Vv. Swenson, 29 W. 39th St., New York 
ty 
RAILWAY SIGNAL ASSOCIATION. 
Oct. 12-14. Annual convention at Louisville, Ky 
Secy., C. C. Rosenberg, Bethlehem, Pa. 
AMERICAN eh BRIDGE AND BUILDING AS- 
SOCIATI 
Oct. 19. caiman convention at Jacksonville, Fla. 
Secy., 8S. F. Patterson, Boston & Maine R. R., Con 
cord, N. H. 


ss PUBLIC HEALTH ASSOCIATI an 
19-22. Annual convention at acer a. 
Sa Chas. O. Probst, Columbus, Ohio. 


A AS INSTITUTE. , 
Oct 20 Ane ual meeting at Detroit, Mich. Sec. 4 
B. Beadle, 29 W. goxh Bt, New York City. 


SPECIAL LIBRARIES “ASSOCIATION. —This associa- 
tion was organized at the conference of the Avcrican 
Library Association held in July at Bretton Woo”, N. 
H. It is expected to be the active channel for the rea- 
dering of mutual assistance among the various - special 
libraries constituting its membership. Officers have 
been elected as follows: President, John ©. Dax», Free 
Public Library, Newark, N. J.; Vice-President, Robt 
H. Whitten, Librarian, Public Service Commissio® New 
York, First District; Secretary and Treasurer, A[D# 
Sears, Librarian, Merchants’) tion of New York. 
The first annual meeting will be held at the rooms Of 
the Merchants’ Association of New York for '' pur- 
pose of perfecting the organization and determ': vs ‘be 
detailed methods for the association’s work. 
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